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I+ General Statament Regarding Personnel,
Working Conditiona and Relatad Activities,

The following changes in the ataff working on thia projact
wore made during the interval covered by this report. Yiss
Loia Fanselmeler stopped work on May 20 to be married, Wr,
John Mathawa, Jr., wes edded to tha staff on June 1, and r,
Richard Brouna wae added June 15. WMr, Guy Cardner, a drafts-
men, waa employed on the project from Tune 1 to pugust 10,
Mr, Carl Anderson end Mr. Allen Cox, machiniats, wrore em-
ployed on an hourly basis at intervals during the aummer
months., Routine analytica) work and some of the more tedious
chemicel operationa ware carried out by Mr, . R, Scrwandt,
Mr. Rosa Curtis and Mr. Franecis Statton, working on an hourly
baais, The major part of the work dcacribed in this report
has been cerrisd out by Mr, Clifford Fach, Mr. Lewrsnca
Liggett, ir, Jemea Head, end Mr. George Herrison.

On Junse 9th Dr, C. C. Furnas visited th= laboratory.
Early in July, Dr. Melvin Calvin of the "niversity of Calil-
fornia viaitad the laboratory ard th~ work of the two groups
waa further correlated, DNuring tha leatter pert of July, Vr.
lawrence Liggett and Mr, Tames Wead visited the various lab-
oratories in the East enpaged on tris prolerct end returned with
an anlarged picture of the nroblem as a whole and with conalidrre
able informstion vatuehle to tre work baing cordncted in this
laboretory. Dr. S. S, Prentiss and "r, ¥, W, Recgk visitod “the
laboratory Auguat 26; some time wes devotrd to a discussion
with Dr. Prentiss of the methods of handling renorts, end tha
work at this lahoratory weaa summerized for ™r., Reck who left
a numher of excellent sugpestions for further work.

The edminiatration of Iowa Statc Collepe hes continued to
give thelr whole=hearted aupport to this wark and aa the need
has arisen has made available further laboratory apace and shop
facllitiea. The ataff wishca to expreea its gratituda to the
Collega for thia excellent assiatance.
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11, OGeneral Review and Objective.

The genersl method of praparing rsports in this labore=-
tory was outlined in ths correeponding section of out Firet
Progreas Report (Report XXvI)!{ The mathod of preparing ds-
tajled reports covering ths individusl items of ths rsessroh
program hes bsen continued; thege reports now numher XLVII.
A table giving the numbsre, authors, content; period covered
and dats of theee reports is given in Apnendix I.

Ths objeotives of the present work are largsly the same
a8 thoes outlined in our First Progrese Report. The emphasis,
howevsr, during this period hae beon plecod on the prepsration
of new compounds rather then the study of the parent compound.
In genersl th2 work has been devoted to 8 study of the derive-
tives obtained from substituted sslicylaldehydes in pursuancs
of the egreoment reached in Februery with the group at the
Univorsity of Celifornia. In ths cese of the compounds which
have appesared to offer promise, intensive etudies of the various
properties were made; this 1is pearticulerly true of di-{2-hydroxy-
3-me thoxybenzellethylenzdiimino eccbalt {ffo-0x M), Some atten-
tion has heen dovoted to & determinotion of the ueoful'lifs of
this compound but this work hes besn of s rather oreliminery
neture in view of the extensive work in thie direction being
carrisd out at the Massschusetts Instituts of ™echnology.

111z« General Sunmary.

{1) The study of cobslt compounds similsr in generel
character to the perent, oxygen-carrying compound but ddrived
from othor diamines thsnh ethylenedieming hes heen extended by

a atudy of two mor= diaminea. W¥one of the compounds prepered
functioned as oxygen cerriers further substantisting the gensrel
statement that eubstitution into the ethylenediamine portion

of the molecule inverlisbly leeds to an inngtive compound.

{2) The cobslt compound derivaed from 2-hyir oxy-3-methoxy-
banzeldehyde and ethylenediemine wes found to corry oxyesen and
to oxygonaito at 8 rele spproximetely twenty times that of the
parsnt compound, Thie compound wes obteined in the form of s
hydrate which was converted into the ectivo form by heating

in 8 vacuum et 170°, An extensive study of six methods for the
preparetion of this compound was made sand it was found thet

ths moet sotisfactory method was that involving the precipits-
tion of the cobalt dorivative from a solution of the sodium
eslt of the Schiff's hese in diluts elcohol. Ths preparetion




of the material was cerrisd from the lahoratory through
pllot rlant spsration. Certain difficulties invelved in the
preparation, orincipally in the activation or dehydration,
wara cvarceme., The rate of oxvgenation of the compound wss
deterrined at variocus temperatures and ths eptinum rate of
abo:srrtion cf oxyzan from air at atmospheric pressurc waa
found to occur et 5~10°. Unfertunstely tre compound wes
found to be extremely hygrescopic end to form a hydrate which
413 not carry oxygea. An investigatien wes conducted to
estsblish the relaticnship between tha comrating abeorp=
tion cf exyzen snd of woter st various humidities. The

magnetic suscuntibility arnd oxygen pressure of this ocompound
were messureld at Californie.

Twe studies of the rate of deterioration ef the
comnound were mede., The ratarial doteriocrated ebout 50 per cent
faster thern the parent compound, The rate of dctericrstion
wes much morae repid during the carly ohases of the test (about
3.0 rer cent ner 100 cyeles) hut brecme mich less as the test
propgrosseé, the overall »ate of daterloration in the first
test belng 2.1 (2700 cyclea) ord in the second 1.3 (3000 cvelas)
par cent per hundred cyeles,

{3) The nitreticn of ealicylaldehyde was studied end

the Tfollowing Tactors wore variocd in order to find optimum
oonditlona: the conecentration cf nitric ecid, the cmount of
nitric ocid, the amouvnt of acetle erld used aa aclvent, ond the
temperesture o® roaction. An antiroly setiefretery ornceedure
wae devised for the ritration, for the soparaticn cf the 3=

and S-isomers, for tho purificcti.n of the 2-hydroxy-3-nitrobon-
zaldehydo fcr the vroparaticon cf ite Schiff'se base with
othylenediamine, sné for thk> preparoticn end cctivation cf
di-(Z-hydroxy=-3-nitrebanzal )othylonediimine e~brlt, mTeteil-

ed studies of the r~etivation of dl-({2-hyAroxy«3-nitrchenzel)=
sthylenediimine echrlt showed thet o temperature of 120-125%°

and e vacuum wns n.2cessury o rapnld setivation, T™he rate of
oxvegencticn ~F di-(8-kydrixy~3-ritrcbenzallethylancdiimine
ecbalt a2t veri:us tomprrcturcs and humiditi~s in oir snd

oxygen at ata-sphorie pressuve wes dotarmincds The rats nf
cxycenation of the J-nitic crmpcund is much grester then

thot c¢f the ooront comourd. The extent of ~xycenoticn varies
mrkedly with the .xygsan prossure. Unllke the parant ¢ompound,
the rote 2f ~xrygenatirn cf tho 3=nitro e mprund 18 rnly slight-
ly arrzctcd by temocreture. The rate ~f cxygenotirn of this
ecmprund is slightly affucted by the humidity ¢ the air, but
this odvrntoge i3 mrre then »r7fset vy the ebs rptinn of meletura
by tho c¢ompiund, whieh rernders the metorial inecctive, An ine
vestigoti n I the ermpusting abs-rotion ¢f sxygen and nf mries
ture wes meds by 2xprsing samples nf the ectiveoted ocmorund to
eir rt vari~us humidities, These studics showed thet the emrunt

of °xygen abs~rbnd decrncsed with incraseing meoisture enntent
in the air,

.
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{¢) The cotalt derivative of 2-hydroxy=3-nitro=5S.methyl=
benzeldehyde and ethylenediamine wes prepared. Sinece the cobalt
derivetives of the Schiff?s baees of 2=hydroxy=3=-nitrobenzel-
dehyde end of 2=hydroxy-5S-methylbenzaldehyle with ethylanse
diamine had heen previously found to carry oxygon, it wae a
eurpriee thet thie compound did not function us an oxygan
carrier, The cobalt compound of 2=hydroxy-S-gherylhenzel-
dehyde and athylenedliemine was prepared and found not to

CSrTy OXygen. The cobelt compound of 2=hyd roxy-4,8-dime thyl-
benzeldahyde and ef £,3=dihydroxybenzaldehyda and ethylensdiemine
were prepared and found not to carry oxygen.

(3) 2-Hydroxy~3-sthoxybonzeldehyde wes synthesizad euscess=
fully from catanrlol by convarelon of the latter to ite mono=-
ethyl ether end tro aoplication of the Duff roaction to the
letter. Attemots to prepare thic aldchyle by the demethyle=
tion of S=hyirnxy-3-tmrthosybenzaldehvde and esthylation of the
2,3=41=hydroxyberzaldchyie so prcducad, falled. The sldehvde

was oleo obtalned in good yield from a crude mtarial supclied by
the Jfonsanto Chemical Comnany. The condensttion of 2-hydroxy=3-
othoxyhanzoldechyde end athylenndiemiun wis effooted and the
cobalt derivative of this condensation oroduct prepared by
esvaral methods., Di-({2-hydroxy-3-ethoxybeanzal)othylenediimine
cobelt, lika the corresponding 3-methoxy compound was obteined
initially ae an inactive hydratc, hut unlike the 3-methoxy come
pound, could be mctivuted at temperatures around 110°, Di«(2=-
hydroxy-3-ethoxyhenzal)athylenadiimine eobalt ie far lees hy-
groseopic then the mothoxy compound and since ite wetaer can

be oxpelled without great Aifriculty it posezsace a marked
edventege over tha methoxy coipound, The reto of oxygenation

of di-{2=hvéroxy=-3-cthoxybonzal)ethylenedlirins cobolt wee dae-
terminad in air ot atmosphoric prassurc at varicus humiditiee;
the rote of oxymemation is only slightly effacted by tamperature,
being ebout &3 rapid at 20® ee ot 0°. The rata of oxypenotion
of di-{2-hydroxy-Z=ethoxybenzal)ethylunadiimine cobalt i3 some=
whst alower than that of the 3-methoxy compound, but far faster
then tkat of the perant compound end sufficliently great that
oxygenttion may be crirled out in oxygen-producing opparetus

ot otmosphcrice pressure or slightly above.

(8) Di={2=-hydroxy=-3-n-pronoxybanzal)ethylcrediimine cobalt
wee propared cnd a stuvdy bogun of its propertizs. The material
oxygonctes vary regidly but is extremely hyvgroscople, Pre-
liminary work wng carried out on tha aynthncis of tho follow-
ing 2-hydroxy-3-alkoxy*erzoldahydus: igo-nropoxy, n=butoxy,
eeg-butoxy, teri-butoxy, iso-butoxy, cilyloxy, n-omyloxy, and
Aa-ethoxyethoxy.
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(7) The compound dibenzoylmethane waa eyntheeized;
several attempta by different methoda to effect ccndeneation
of it with ethylenediamine failed. A cobalt derivative haa
therefore not haen obtained,

8) Formylcamohor, an y=keto aldehyde carahle of exist-
ng in enolic form waa precared by s method previouely dee-
cribed, This comround wes condensed with ethylenediamine

and also with g-phenylenediarine and the cobalt derivative of
these two Schiff's bases orepared. Meither of thesa comnounde
was an oxygen carrier.

{¢) Fexa-allylamineperoxodihydroxodicobalt trichloride,

a polynuclear compound containing a neroxo brldre, was preparef
and rfound to hold its oxygen ao tightly that it was not releae.-
ed at temparaturee below the decomposition temperature of the
compound,

(10) A differential manometric apparatue wrs conetructed

by which the oxygen-carrying caocclty of the comoounde could

he determined at varloue temperstures and preesurea in such a
maenner that errors due to the loss of orxyren or the abeorp-

tion of water during the rrocess of welighlng involved in tha
older method ars eliminated, Although aoperently ouite com-
plicated, the apoaratue ls relatively ef~nle in theory and use,
and has been used not only for the detarmination of oxvpen cap~
acity but also the for the determination of the rete of oxvpene-
tion of the comoounds,.

(11) An antomatic apparatue for the continous oxvrenetion
and deoxygenatlon of oxvren-carrving compounds was Aesigned ard
constructed. This apperatus was of the roteting drum veriety
and chosen to minimize the temperature to which the material

o3 & whole was hoated during the deoxyrenation nhase of the
cycle, Tesis on the narent compound and the methoxy compound
were made using thls apparatns.

{12) Yarious types of apoarastus were constructed fer
mcaeuring tha rate of orygenation of the 6ompound etudined in
air and oxyzen et varlous temperatures and humlidities,

(13) An epoeratue wes constructed te manufacture 100 cu,
ft. per hour of oxvgen of ourity of 95+ per cent, usinc ae

the oxygen carrier di-2~-hydroxy-3-methoxy®bur=ul) -thvlsnséiimine
cobalt (Co-0x M}. the epparatus is cf ths circulatine solid
type in which tha materlal moves from an oxyeenatlon chemb-r,
whare it 1s cooled to 5® by cechanlcal refrir-retion and ex-
posed to airetatmospheric pressure, to e Aeoxvrenation chemhar
where it ie haated to 70* and relsascs 1ts oxyren at eliphtly
lower than atmosoh~ric »rcssure, Trv materisl is moved hy four




sorew conveyors operating in pipes erranged in a e-ewed rectengle
A unique mechaniem wee devised to effect the transfer of the
so0lid material from one chamber to the other without contam=
ineting or losirg mporeciable emounts of the oxyren produced,
Tie degxygenetion is cerried ovt at e slightly hifrher preasure
than the oxveenation and a2 small amount rf oxygen is eacrificed
to flush from the solid materiel any e'r which would otharwise
£ind its way into the Aecxygenation chamher. ™he anperatus
contains abhout 100 1hs. of Co=-0x ¥ which circulates comelately
through the epparatus in ahout 18 minutes, Air dried by

passege over —oteesium hvdroxide And magnesium nerchlorate is
blown through the apoeretue by e centrificel blower. The
apparetua was dealgned to operate comnletely electrically

but wee modified for elternative oneration by 2 rasoline

engine helng then completely self contained, At the time

thie report was written oxv-en of 95 mer cent ourity hed been
#enerated at the rete of 35 cublie feet ner hour. Tre Aefiglency
In cepecity is due to several causes which are bhainc corrected
by modifications in the construction of the epperatua,
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Vg« Cobalt Compounds from Diamines
othar than Ethylanadiemine

The substitution of other diaminas for ethylanedi amine
was dascribed in our first Progreas Report. Without axcep=
tion the cobalt compourda in which 3uch substitutions were
meda ware inactive as oxygen carriars, This work hes now .
besn extanded by studies of the derivativas of tetramethylethyl=
anadiamina and methylonediamine. In both cases tha oroducte
ware inactive,

Ag. Propylanadiamine

The failura of the efforts in this labaratory to prepare
a successful oxygen-carrying compound from propyvlanediamine,
selicylaldehyda and cobhalt vaa in marked disagreermsnt with
work at California in which an activa material waa oreparod,
It 1s now reported by Calvin that the propylersdi amine uaod et
California contuinad some ethylonediamina which eccounted for
tha aotivity found.

J. Tetramethylethylenadiamine

The highly symmetrically substitutad othymehodiamina,
tetramsthylathylenediamine, (GH3)EG(NHg)G(NHiI(GH3}3, waa ob-

tained from tha Commorcial Solvants Corporetion. Its Ldentity
and purity were checked and its condensation with salicvlalde-
hyde affectad in absolute aleohol. Tha cohalt derivative of
the condensation product was prepared by five rethods and
numerous attempts wora made to activate the compound by various
heat traatmants, Nona of the npreparations funeticnad® as an
oxygen cerrier,

The praaenca of & nitro or a methoxy group in tha 3-
position of salicylaldehyde hag heen shown to have a beneficiel
affect on th® nropesrtias of the parant oxypan-carrying compound,
It scemed possible that the presencs of these groupa might
rander the tetramethylethylenediamine compound active and
accordingly the conhalt derivatives of the condensation products
of 3-nitro and 3-methoxyaalicyleldehvde and tetramethylathylena=
dianina were prepared and aubjocted to the usual tests, All
of tre nroparations were found to b inactiva, thua further con-
firming tha general conclualon that verlations in the ethylane-
diamina nortion of the parent comoonnd always leads to a
matorial wrich 1a not an cxygan-cerricr. The detaila of the
work on the derivetivos of totramethylethylonediamine will be
found in Report YXXV.




K. .wthylonedianmino

A sumpls of methylencdismine hydrochloride was obtoinsd
from thc du Pont Company und aftoer considorable offort thce
Schiff's boso with sallcyledohyds wus preparcd. In tho pre-
liminary work uttompts to propare the Schiff*s boso by cdding
sodium hydroxide to o solution of the diruino hydrochlorido and
salicylaldchydo in ubsolute aleohol ylolded cn oil from which
only 4 vory sanll quentlity of condonsatlon product could to
isolcsted., The c¢ondeleotion wns finully offectod with roanson-
ablc sucocse by @lssolving the nethylenediarine hydrochlorido
in witer, ccoling to C°, ncutralizing tho hydrochloric acid
with © coid solution of acdium hydroxldoe wnd then guickly
adding the ¢oléd solution of mwothylonedicmine to o oolution of
salicylaldchydo in zlicohols By this tochniquoe a rospectabla
ylold of Schiff's busc wrosultods M.p.: 1329,

fropiration of the oobrlt dorivetive of disalicyloelethyl-
onadiimine wus propurcd by mauns of the sedium salt of the
Sohiff's baso «wnd by tho clcohel mothed. PBoth prepurctions
Yiclded 2z yollow colorod cobalt derivetive which was at first
thoupht to bo oobalt sallcylcldchydu. Tuals nssumption was found
to bo crroncous &3 cnclysies for cobult znd nitrogen proved tho
antoricl to bo tho deslrud conmpound. Unfertunmtcly, howcveor,
thils comnound showed Lo oxjgen wetivity upon belng subjocteod
to tho usuzl tests.

VI,. Cobolt Compounds from Substituted Sallioylaldchydos
and Sinmilcr Curbonyl Compounds and Ethylenodicmine

By. 2-llydroxy-3-mcthoxyvenzoldohyde
(Co-0x 1)

{1) roe)l S ry of ‘lork on this Compoupd to a. Tho
disoovory thut gﬁo ulﬁ%hyac zfﬁyaroxy-g-mutﬁoxy onzuldchydo '
for.ed o compourd with cthyloncdlamine cnd cobalt that showed
the sumo gcneoral propertics &s the paront compound propurcd
from salicylaldchyde, othylonnhdiamine cnd cobuli, but having o
much more rapld rate of oxygonction, lced to nn intcnsive ine
voatigation of thls compound. The rupld rate of oxypoenntion
of this natorlzsl at ctmospheric pressurc 1in dry cir 1s a most
important cdvantags cver othor compourds praviousl; Covalopod
since 1t mukes possible ¢ reduction in the time roquired per
cyclc und rondere fourlble appuratus not requirinsg high nres-
sure alr,

The nuthods of synthoelzing this acterial, di-(2-hydroxy-
Z-mcthoxybenzal, cthylenediimiroe cobult, were studiad c¢xhouse
tively aad the most setlsfoetory mothed of prencraticn wes




corrisd from the laboratory through pilot plant production,
All of ths factors involvod in tho synthosis wore studioed, and,
a8 with tho puront conpound, the troublcas wero elininatod opd
the conditions so woll establishod that no difficulty should bo
axpericncsd in tho cdaptation of thu procedurcv to thu propara-
tion of lurpoer cmounts by tho Rumford Chonical Works.

Thc rato of oxygonation of tha aotericl ut various tempor-
cturss wis deternined. Somo studiocs on the rate of datorior-
ation of tho compound in uso wers mundc and tho hygroscopio
charcctor of thoe compound was carofully studiod, Thc nugnetie
susocptibility of tho natorial cnd its oxygen prossurc ut
various tompureturog worc mscsured by Crclvin at Cclifornia,

Thu notorial wos used sucoossfully to producc cxygon in
o noohine designcd oxprussly to tuke tdventago of the uniquo
charcotoristics of tho nutcrisl (soe Saction XTI of this roport).

Fortunotoly lorge quontitios of 2-hydroxy-3-ncthoxybonze
aldchydo cppear to be available (llonsanto Cheriical Conpany).

Thc vork on di-{2-hydroxy=-3-riovthoxybonzzl) othylonodiinmine
cobult is roportsd in Aotail in Reports XVII, XXVII, XTII1 ond
XOIVIITI cnd is sunmcrizod in the following subsection of this
report.,

{2) - Sohiff's Bogo Di-{2-hydroxy-3-nethoxybonzal)othvls
iini%%% uricrous proparutions of tho above Sc 8 biaso ussd
%E?ouiﬁout tho invostigaticon of its cobalt dorivative wero
obtaincd by tho ccndonsaticn of 2-hydroxy-3--:thoxyberzuldohydo
and othylevhodluninos The roaction was gencrally carried out
in hot aloohol nmodiun from which the Schiff's boso procipitates
a8 o bright yollow cerystalline nctoricl., Tho Schiff's baso
=0y bo rocrystullizod fron hot absolutc alechol or from othor.
Tho n.p. following cursful purification wus found to bo 161°.
Di-(2-hydroxy~-3~-nothoxybunzcl) othylonodiininge is recdily selubls
in worm crtustic solution. Rocrystullization of thls natorial
is not nccosscry in tho preparttion of u sutisfacteory oxygen-
carrying nctericl. Indced, in the preceduro finally roccnnanded,
this basc cftor boing fornod is not filtcrcd cnd isolatod but
dissolved wnd used diroctly. Conditions wero detorninod for
procipituting it in a fornm which onn bo roadily dissolved in
¢iluto alkeli.

(3) EE:giuni ; : ; Q;-iﬁ-gyﬁEo§¥-g-mo§hoxzhogzgl]-
thy [+ . ¢ 0oba orivative o
~ B0 8 onsc Gl=(2-hydroxy-3-ncthoxyboenzaol)ethvlonediimino
aa7 be preperod in o ovarioty ~f woys which will boe prescnted

in subsccticn (5). This ccnpound, whon first procipitatod fron
& Jaeéiuw ir whieh wuter 1s prosent, is obtiizcd in ¢ hydrated
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form which shows no obility to absorb oxygen. In order to
convert ths hydrate into tha active, oxygsn-ocorrying mtsriaol,
ths matsricl aust bs activatsd, Ths procsdurc usuclly cmployed
wes to subjoet the mutoricl to o teaperaturo of 160-170° under
& vccuun. 1In ths activation procsss a dsfinito cmount of watsr
is loat, about 4.5 psr csnt, Ccorrssponding to ono moloculo of
watsr por cobilt ntom (thoorotical 4.68 psr cent), Tho rosulte
ing m.teriul has vosn shown to absorb 4.15 por cont of oxyscn
which corroaponds to tho thooreoticul structurc which was pre-
aonted for thig typo of compound.

This compound has bvoos shown to bo rcmuarkably steblo at
& tompercturc of 17C® in c vacuum; short poriods of timo at a
temporaturo of 200° produccs only o slisht dscomposition. The
activo matorlcl in both the oxygenatod cnd dooxygenotod form
shows romurkeoblo affinity for molsturo. It is so hygroscople
thut to coeurutoly weipgh the motoricl in cir is a difficult task.

Ag with th: pecront compound, thils mctoxri:l ie a fins
dusty powdor wvhich 1s oxtrom:ly lrrctoting to tho lungs.

{4) ' Doto ation of the gzﬁgon-g&:rxigg Cupucity by & Volue
mtr;p"ﬁ%_.-j;ﬁ viow of tho controvcrsy thut lu.s"%ﬂ'scn at
various times in rogard to the dotcrmination of the oxygen
ecrrying cupucity of tlesec ix.torlals, o method was deviscd by
which tho dotsrninctlon could bo mudo by the volumotric measurc-

nont of tho oxygen cvolvod from the compounds snd orrorc inhor-
snt to the gruvimetric mecthod clininctof,

The apparatus doslgncd for tho determination of oxygen-
carrying cupucity ccneistod of o soureo of curbon dioxido, o
drying trocin, o gluss tubo in which thc boat of ~atsricl waos
placed, ond o nitromotor. Dry ico wus usod 48 & acurce of ocore
bon dioxido tnd the dry lco contulncr was conncetol with o
prossurc rogulator to control tho rato of flow through tho
cpperatus to tho nitromotor. Tho carbon dloe:rldo gas ovolvod
from the dry lco wes pussod through a U-tube contulning phos-
phorous pontoxido on asbcatos, This was found ossontial sinco
the Ary 1co always contuincd moiasturc condonascd on its surface
vhich wus curricd off wlth thc carvon dioxide gaas wnd formod
icc in the tubc oontalning the boct at low tcmporcturo. Tho
procsdurc onployod in dotornining the ccopocity of o sanplo using
this upparatus was the following., A samplc of thu compound was
dooxygcnctod undor a vacuun .t 100° and thon the beat plucod in
a vacuum dosliccator which woe irmcdiately cvucuatod beforc tho
vont hud cooled upproclibly. Aftur encling tc reom tomporuturo
thc vocuun wes quickly rcleuscd cnd the bort of docxygoncted
conpound wiipghod irnmediutely. Thlc wolghling wos nede by first
plecing the upprozioite woights on the balanco as doternined by
provicug welghing, so ithct only ubout 15 socondg wero regquirod
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to ebtoin the finul weight. This soample was exygenated in @
bomb undor £00 pounds oxygon pressure for 15 minutes, and then
velghod immedintoly uftor ronmcving from tho bonk. The boat was
thea ploced in the dsoxygonatinn tube of the capucity cpparatus
and tle tubo clescd. The tube containing tho boat wns sur-
roundod by Adry ico and thon carbon diurxide pussod cvor tho boat
containing the compound until cll thc cir hed bean swopt out as
shown by alcro-bubbles in the nitrometcr. Tho nitroncter uus
£11lod with 26 pur cout pntessium hydruxide contcining o treoco
of bariun chloride nddod to prevont tho fornetion of foon in
tha tup of the nitremetor. Tho oxygoh in thc surpla vies To-
lensod anéd ecolluctad in the nitrocnotor by first romoving tho
dry i1oc puroking cnd then grodunlly hecting tho tube orntnining
the bout of scrple with an infro-rod lemp. Tho tubo was swopt
cut witk crrbon clexidc until miero-bubblos wera cdbtnined. Ths
capoelty of the scmplo was caleulatod from tho volumo of oxygsn
callnoted ws will bo subsoquontly shown, After ccoling to reen
tenporeture in un aticsphoro of carbnu dinxida, the bout enne
toining the desxygeactod sanple wes ngeln weighed in nrdoar te
servy s a conprlrison foer the volunotrio :oethed,

It wis found thet the ocuplotoly cxyocrated nsthexy oche
pound lcst nxygzon slowly ot room tenporcture unfer atri sphorie
pressurs. Under n Aininishod oxypecn pressure, produced cither
by c voceuun or o styrewn of cocrbon dlexlds, 1t evelves a lango
pertion of its nbacrbed oxygen, It was clse found thut the
perant conpound upon being plicod in the chove duseribed
cspaclity apparatus lust wolght slowly in an atuosphere of
carbrn dinxicdo. Boecause of these chscrvaticns 1t was found
nsceastry Lo e¢nu) the tubo contalning tho wvelghed smaple of
oxygonantod rninterianl with 4dry ico so that the eonpounds would
retain thelr abscrbod oxygen until tie cilr prosent in thoe tubs
at thic tlae of tho intrcduction nf thio sciple was cenpleteal..
swapt out,

o ——— o e ERT

Sinco tho uvxygen ccllocted was ncasurod evor o potassiunm
hydroxide sclutien, corrooticn wes nnde f£nr tho vapnr pressura
of tho soluticn &8 follews: fron the Intorncticanl Criticcl
Teblos, Vol. III, pame 528, tho furrmlc glvon fnr caleculating
the vaper preasurc of cquouus sclutions wos

100R = & ”o' P whore

Po = V.,P. H,0; M = nolos/1000 g, H,0; T = V.,P. of solution,
Yor Prtessiun Hydroxido, at 25%, whon M = 10, 100 R = 5,82,

Kenen P = Fg = %ﬂ-m-%&&gm.sm.




This vopor prossuro ccrrection is valid only vhen the gos is
measured cver pure 10 M potassiun hydroxide. This obvicusly

was not dono sinco sonie potossiun corbonate would be forned by
obsorption of the corbon dioxide uzecd to sweep cut the opporatus,
Howevor, since tho vapor prossure valuos in I.C.T. for potossiun
carbonate solutions oloscly parcllcl those for potacsiun hydrox-
id¢ it wns assuned that the error would bec nopgligiblo if fresh
10 } potissiun hydroxide was used for each rur,

¥anlidity of the obove nethod of neasurencnt was shockod
by tronsforring sevcraol gos sanplsa noasured over potoassiun
hydrcxide to o water burctte and cgoin nwasuring the veluno,

Tho rcsults were un follows:
Crlculutcd by
Over Watcr ¥.p, chenge

I. 30 :1l. of uir over
36 per cent KCOH 30.5 11, 30,52

II, 50 nl, of oir cver
36 per ccnt KOH 50,8 :l. 50.8%7

It wos theroby concluded that ot 25° o vopor pressure
correction of 10,5 1., is correcet cnd this vualue wns usod for
culculnting results tabulctud talow,

Run I, Pnreat Conpocund, V-8, 743 . 24°
Yol, at 0° Capocity Capacity on
Yol, Collaotod 760;]1i by voluns  Wt, Bugls
.8 nl, 29, 4.58 4,60 por coat
Run I, Paront Conpcund, V-8, 743 . 24°
34.3 30.4 4,81 4,68 per cont

Run III. Di-{2-hydroxy-3-rtothoxybenzol)oethylcenediinine eobolt
Preperaticn L-33A 743 ri. 24°

55.1 49.0 3,98 4.06

Di-{2-hydroxy-3-nethcxybenzel)ethylenesdiinine cobrlt
Propoarution L-33A 743 . 24°

57.9 51.4 4.17 4.21

Di={2-hydroxy-3-nothcxytonztl)cthylcacs finine endhalt
Proparstion L=334 743 ru1, 24°

61.7 54.6 '1-43 4-39
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Run VI. Di«{2-hydroxy-3-methoxybenzal)ethylenediimine cobalt
Preparation L-33A 743 mm. 24°

Vol. Collected Vol. at 0®* Capacity Capacity on
760 mm, by volume }t, Basis

58,5 51.9 4.21 4.37

kun.VII, Compound of Henselmeier III, 2: €.4 per cent,
744 rm., 24°

9.6 ml. 8.7 nl. 4.14 4.041

Lun VIII., Compound of Henselmeier IV, 2-1, 5.5 per cent,2
744 mm. 24% .

25.0 22.0 nl, 4.10 5.5
Notes on abhove:

1. This capacity is based on loss in welght upon deoxygen-
ation by carbon dioxide, Value reported by Henzelmeler was 6.4
per cent, -The capacity on a weight besis by reoxygenation was
4.34 per coqt.

2. This capacity was the valuo reportod by Henselmeler,

"It may be concludod from tho above that this compound
probably may be made to abaorb oxygen to & value & few tonths

of o per cent abovo its thooretical copacity, but it is thought
that values of scveral por cent abovo the 4.i5 valua oaro probably
duo to tho gradual acccumulation of molsture and to weighing
errors which becamo relativoly large when small samples woro usod.

(5) Synthesis of Di-(2-hydroxy-3-mocthoxybonzal)othylonodiimino
Cobalt. .

(a) TLo Pyridinc lathod. The compound di«(2-hydroxy-3-

mothoxyhonEEf)uthonnchIE?EB cobalt was proparod by & procodurc

roposed by Calvin for the preparction of the paront compound

soo his Report OEM-sr 403, Sorisl Numbor 186, p.2). By this
procedure tho cobalt sclt is dissolved in o solution of othyle
onadianino, pyridino and water. Tho acldchydo is then oddod,
and the mixturc hootod to 80°, The air is cvacuctod from tho
roaotion flask during tho proparction of the compound. Tho
natarial is finally centrifuged end driod et 100* under o vecuunm,
Ey this procoduro, tho poront compound is obtained ao o mono-
pyridinate, which, in the handas of Cnlvin, econ be activatcd by
tha rcmoval of the pyridinc at 170° undsr o vacuun,
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This procedurs wos appliod to tho preporction of di-
(B-hydrcxyas-ncthozybanz&l?sthylsnodiimino cobult, A metoriol
wos obtainod hoving un oxygen copaocity of only 2.7 psr cent,
The preparation of Co=-0x M by this mothod wus found to be
entiroly unsotiafcotory ond this hos beon since confirmed by
Galvin.

{(b) Tho Origincl Alcohol-Vuter Method. This mothod cf
properction 1nvolves the mixing of cthylconcdizmino, cobult sult,
ond oaldohydeo in o 50 to 80 oer ocont clecohol modium, This
mothod gave oxcellont reosults in thoe propoaration of Co-0:x M, the
conpound bcing obtolnod in ths form of ‘goldon, nocdle-shaped
erystals. Upon wctivaction ot 165° under o vccuum the ocompound
changod from golden yollow te ryroon, cnd corried the theoretical
capacity of 4.1 pox ccent oxygen. Tho yiclds by this method wore
cbout 60 per cont. It is believed that for luboratery prepara-
tions of Co=-0x i this nethod yiclde o pure product which is
oosily filtorcd cnd more oasily hnndlod in subsequeont opcrotions
thtn tho actoricl obtaincd by any other method,

- A{e) he Lircet Mixing lMcthod Us o Sugnenajon cf

Conden atioE-Ffoéuct in 'ator ond tho Cobclt Sclt. By fﬁi%ng
mothod cf proparation U suspeRsion 1n wWoter of tho finuly pulver-
izod Schiff's baso 1s digcstcda for sovoral hours with o solution
of tho ccbalt sclt. The compound ohbtaincd is filtercd or
¢sntrifuged, driod cnd acctivcted in the usucl acnner. Thoe oxygon
cupacity of thc finel preduct cbtained closuly opprecched its
thcoretical valuo providing that the poriod of digestion hed been
long anough to insure complestc reoction. Usuclly twelve hours

or moro on o stean bath ars rcquired. Ir gzncral this rothod

of propurotion wos not cs saotisfoctory for thc preporation of
Co~0 W cs other nethods. However, for the prenarction of some
compounds, o.8. thc 3-nitro compound, this is thu only satisfac-
tory mcthcd thot his bousn devised.

©+ (d) The Diroot iHixing in Mcter of the Cobalt Salt Diaming
%ng A;do%xdo. Co=0x i hcs boﬁﬁ preperc n a stctisfoactory ochnner

Y the roct nixing of c cocbult sclt, cthylenedicming wnd
aldehydo in woter sclutien, only cnough clechol being amployced
to dlasclvo tho cldchyde. ‘/ith cmple stirrirng =ond with o
gufficicnt digestion puriod at cbout 80° o sctisfaotory product
wns obtained. Tho reoction riixture wcs buffored with acstic
acid wund sodium uLcotats whon cobalt chloride was usod, By this
mothod n yisld of 90 por cont was obtoined. Tho ocompourd was
roadily cetivetad in the usnal mnnner wnd o preduct of 4 por cent
caprcity wos consistently obtoinod. Onc difficulty with this
nothed lics in the fact that the notericl was very Aifficuld to
Ciltor cxpaecinlly cfter washing with wnter fullowirg thoe fiert
¢fitration, Additinns cf alechol tc the wosh 1liquid did nou
alininnte this difficulty. Oevircl houre dlpcstion of tho sloanm
Vi.lh crith tice wash 1lignid improvad ta filtevinzy chercolervisties
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to & sncll extent. Ancther obJeetlon tec this method wos tho
formation of eons Schiff's base which did net entirely react
with the cobalt sclt since small cnounts of ycllow oll was
clways produced upon cetivation, This difficulty might not bo
cncountered 1f sufficicnt digestion were enploycd.

(c) Propcration of Co-Ox M fron the Scdium Salt of th
G:ndansaticn Product wifﬁbut the Prelimincry Isolution of 3T
~ndensation Product. Co-Ox |1 hes alsc boen preparcd by dissolve
Ing the cldohyds in & hot water solution of sodiun hydroxide
follcved by tho wdditicon of sclutions of ccbelt salt wnd sthyl-
c¢nediciaine. This methed yicldod e aoteriel vhich was cxtronely
difficult to filter; wupon cectivation in the ususl manpner the
product chowed newrly theorcticnl oxygen cepecity. Although
this rethed is ecnsidered inforior to scvarel of the cther sug-
geated mothods it is of intercst thot o sctisfuctery cetive product
is obteined inusmuch as the parcnt compound cannot b prepurod
in cetive fora by this ncthed.

' (f) Propuration in Dilute Alcohcl Medium from the Scdiunm
Salt of the Condenscticn Product. One cf the bost -othcds that
wes dovised Tor preoparing Co-0Ox M invelves the preperution of
the Schiff's buac in ebout 50 per cent clechcl, tcllowed by the
fornctica of its scluble sodium selt by the wddition of hot,
caustlice solution and finnlly the precipitaticn of the cebult
éorivutive by the udditicon of o gselutica of the cobalt salt
buffcered with acctic w.cld and scdiun cestate. The final cencene
traticn of olechel wns thoerchy ahout 25 per cent.

Soverul cttenpts were node to climinets w1l or nost cf
the rlechel by procipiteting the Schirf's bese fron u very dilute
acluticn of othylencdicnine in water. It was found however that
lerge purticle size of ths Schiff's bnec fermed in this nonner
wes difficult to dissclve in the hot ecustic sclution. ‘Vhen the
Schiff's busc was preclpiteted cg sugposted cbuve the perticle
size ¢f thc material wus such thut it digsclved irmediately upon
the addliticn of tho Lrt caustic solution. The riininun clerhol
cencentraticn fer this step in the precedure wae found to be ahcut
50 por cont. This wes ohtainod by audding sn nlechol solution of
the cldghyde tu & hot scluticn of othylencéianiine Aissclveé in
water, By thils ricthod n prcdust wes cbhbtained that woes recdily
filtorced crd ac cpproclicble Aifficulty was oxpoericenced in filter-
ing the .i1ntoriul after reslurrying wvith werm veter. Occnssion-
tlly however, it was feund nocessary to oadd a sacll wnount of
2leohol to the wesh scluticn in order to nininizc collcid ferma=-
tion whiech rchnderod the fincl filtraticn Gifficenlt.

Thy ylclds by this :ethod of preporatica wers frem £5-350
per ecnt. Upon cetivati-n in the uowmel annner, coanounds
Frooored fn tnn tbewe doseriosd nonner earrizd 4.1 oer chut,




This procedure was the basis for the large ecale praparatiocns
desoribed in thls report under eubsection (7).

{(g) Survey of the ibove Methode, It ie of intereet that
Co-0x 1 can be preparsaﬂby euch a wide variety of methods, and
that the conditione may vary within rather wide limits and a
eatisfactory product obtained. However not all of the methode
Juet deeoribad above are of s ual merit. Ths pyridine method of
Calvin ( (a) above) the loaet eatisfactory of ths methode
invostigated since the compound prepared by this method was of
very low capacity, and tho procodure was less caelly carrioed out.

The nethod omploying & suspeneicnof tho Schiff'e baee in
water ( (c) above) was not ccnsidered to be entirely satiefactory
eince a 1nng perlcd of digosticn with agltation was found necos=-
eary to obtain a good product,

Tho alecohol method employing an alcchol concentration of
50«60 per cont ( (b) above) vias considored to bc unsatiefactory
for largo scalo preparations laas=much as the ylolde wore only
60 per ccnt and tho large ancunt of e&lcohoal required wae hot
economical, .

The othcr two motheds dcseribsd in which no alchhol was
uecd ( (4) and (e} above) were not corneiderod ontiroly satisface
tory sinco filtration wae cxtroenoly difficult and the final pro-
duct wae slightly contamineted with unroacted Schiff's bnso,

Tho mcthod deecriboed in part (£} of this scction was
ccnsidorod to bo tho mcet eatisfectery for modceratc scale propara-
tions sincc thc final preduct wae caey to filter, of high purity,
und wacs obtalncd in good ylcld. HNone of the other mothods are
cntircly adoquato in all of thcso rospccta.

For further dotails in regard tc tho etudice that have beon
nado ¢n tho vearicus mothode of preopnration consult Repert XYVII,
Secticon III, and Report XXXVIII, Sceticn IIXI,

{h) o activintion of Di-{E-hydroxy-3=-mothoxybenzaljothylcne-
diliminc Cobclt ir ; Boiline Solvonts. ho nmethod generclilly
employcd to convert the hydrato o=0x ¥ lnto the netive oxygon

carricr ccnelists in hoiting thic aaterial to 170° undor o vGouunl.
Thisg rothed, whilo ccnvenicntly curricd cut con ¢ enall surmplo

in %h¢ laberatery, becomo & difficult teike when lorge eecnlo
praparaticons woro undortoken. It wusa thought poegslible t9 Iee

move the water ¢f hydraticen by hocting o suspensicn of Co=0x Il

in an inort liquid having & bailing peint of 170°, or ahove thn
usuci aetivation tenperatrvre of the netericl. Scvarel oxhoriaents
worc conduetod using high belling a~lveats cnong wihich vare 'yl
callcsolve, p-cyacas, cad miasenl oll,




Upon huating in butyl csllesclve to 170° the naterial
turned fron ten to a very dark reddish-brown, However aftor
filtering the mutericl cnd drying ot 100° in o vocuum the come-
nound raoturaed to its eriginel yullow coler cnd shawed no
cxygen ctpcelty. Upon heoating in & vacuum &t 170° it boceane
aetive, changing tu reddish-brown in culer and cbsurbed 3.8 per
coent ocxygen.

The ecmpeound cebteined aftsr heating in p-eymenc wes decp
purple in coler. Tvoen oftor heoting tiao dricd mctcriul st 100°
for soverel hours in ¢ vecun the odor of p-cymche wos porecptible,
but ns eclor chinge vas nutiecd, aund $he nnterinl did net earry
oxypen, Hoating ot 170° produced noe visible change, znd the
copacity wuo only 0.9 por cunt.

Using nmineral oil os the asuting nedium similar results
wure cbtalued, althruch onc poanle was hented toe 200° without
szppursnt dsecompnsaltisng rno zetivation resulted,

For fuiather detnlls ¢ the technlque cmployed in thase
studics eonsult Rupert XXXVIII, scetlinn X, nnd Ropert 4V,
Soetion VIII, .

{6) L&rso seclo Propurtticn of Di-{2-hydroxy-3-ncthoxrbenzol)]-
gthylencdiinine Cubelt, “Fslfalru;thn avoyatory vierk cn tH%
proeparcticn of Cn=0x I by diffcrent roth: ds, vs dAcseribed in
subsceticn (5) udbeve, the size . f ths botchig whs graduclly
ineronscd nud the preoecdurc further a~dified for npplicoction to
hutehag of cbcut 15 ncunds. The cquipnent wrd ncthod nscd ia
Guseribed below, A aorc conpleto descriptiorn of the work moy
be found in Leport XXXVIII; Sceticon IV.

(c) Equipmopt. Those prepuraticna worc curried cut in 20
fiellon stonoviro excckn, sst cn dcllisg se thet they could he
n.ved cround s dcalired, The varlous s luticns vigre hocted by
acens of 70 pcund storn puesing through copper colls which ceuld
bo imacised in the liquids. In gereral the votor weas hcotted
befere the naditicr of rny chealerls, The scluticns serc atirrad
by hand using wood pnddlzs. Solid patcrizls wers filterod un
lorge Ducancr fuancls. Theac funnela were conatructed by cutting
a 55 gullon steoi tlechel verrol irte thirds wnd vwelding pipe
nipples inte thoe eenter of the und picecs. These funncles wsre
enrricd on dcllios and vicro ecnneeted by uniocns te 30 gullon
tenks wvhich wery connsoted te e large vacuun puwan cnd weted ©s
rceceivers ror tho fildrate. The filter used in thesc funncls con-
gistod ¢f cloth 1rdd cver tw. or thrie ltyers of ccirsc seracr,
vhieh wllowed pagsige of thoe lignuid tn the ovtlet in the conter.
The erceks were whecled up o rop to ooplettorm alreetly cbheve
ohe funnoelas when it ung dosircd 4o troarsfor mutericl - tas
analn,




Aftor riltration, thc preduct wcs dried in the drying
cebinct shevn in Figure 1 of the acce:npunying drawing which
centained banks of heating lomps at the top and bottem ond
suppcrts for five wire trays. By mcetns of fons, olr wes
circulcted pest the heoting lamps, over the compoeund &nd cut
the hoelca in the side. The tctal heat which could be supplied
tr the cabinet by the heating lomns wes appreximately 800C vatts.
This wcs, in most easca, ton much hent cnd the bonks cf lights
wero céjustcd so thot tho tep one goave about 100C watts while
the lower one grwve echout 3CCC, This omrunt of heat was suffic-
Zent Lo kecp the temporature ot cbeut 80° during tho period while
the eumpound was still quite wot and to ralsc tho temperturc te
the rerimm of ahceut Y1C® es ths ccnpound became dry. This drier
very asctisreetorily dricd o 3C pound boteh of compound in cbout
24 h;-'uI'S .

Tho dried ccmonurd e ground in ¢ snall burr 2ill powered
by € 0.23 L.p. a0tor. It wvas found that the aateriel could bo
grounc conly if 1t was é&ricd very thomughly,., Mowever, in scvorol
ctse3 where atbonpts verc fniedo e grinég insufficicontly dried
comnaund and tihe nill vas clogacd, it wes found posaible to fin-
ish the grirding by cdéing scas thoroughly dricéd, oroviously
greung nmateriel tc the antericl In thoe erinder. With properly
giicd netericl, this rmill weulld grind an 8 peund tateh in 5-10

nuatcs.

Scverel diffosront aoth-ds of scetivating the comprund were
trind. The first wetivatia, Fig. 2, coensisrted ~f & trcugh ochout
€ £+, lcng ip which o four-bladeé poddlce vkeel turned ot cbeut
10 r.p.n. Thos lcet in this cetivet .y was supplicé by Leating
lenmps susnerdcd over the trousin,  Sone comprund was gotisfoctorily
tetivatod in this picee of cquipncent, but it was found thut tho
temocrature wus so difficult to ccatrel that ruther froequently
part of tie chancund in a betsh deeosnpcaed or burred.

Ths second tetlivotor, Fig. 3 ceonsisted ~f on 18 gollon
toenk wita ¢ floaped opé vaich rototed in cu ¢il buth which waos
kept wt 170-180°, Tihls rotuting drun vas fitted with peeking
glands so thut eorben dioxidc ciuld be passed thrcocugh the naterial
during tho acetivation., Fius woerc weldcd inte thoe drun and scveral
locse fins were cdded to ndx thoe anterial cnd knock leoosc ny
rnataricl which :ight eling to the wualls of the drum. This picce
cf crnuipitent worked Teirly well bet reguircd constint attention.

A third zetivatrr, ¥ig. 4, was buliltd vhich cmnleyed the
retnting qcrun fren the o1l boath cetiveter. The heating unit in
this cetivater vas cleetricel nnd the rotuting drun cnd heating
units were insulated by ncars of o Jocd, double wolled, insulaoted
transite bex, Tris Letivetir Lnd o enpneity of rhout 25 pounds
per duy, ~ithough it reguaired attentiecn overy li-13 hecurs. An
excenilont notivater should 21lso ke equipned ilh prcline glends
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and filter which would enable the paeeage of dry carbon dloxids
at the rate of at least 0.5 cu.ft. per minuts. Ths optimum
tampersture of this type of aotlvator eppsarsd to be 180°,

The cost of the ebove activator vae nulte high sinco a
great deal of cerbon dloxide wae coneumsd. Tho carbon dloxlds
was ronerated from dry lce for thls apparatue. It wae found thht
when a etrecn of gms vas continually oessed through the acti-
vatoy tenk, tho filter on tho dlecharge end beocarie clogged, and
¢ proper flow of gas wae difficult t¢ nelntaln, Since the carbon
tloxzice gencratore did not devolop much pressure, & eatlefactory
varbo;, dioxide Tlow was not maintalned.

The upperatus wus then modified so that nitrogen could bo
reclrruluiof, firet through tho activetor tank and then through
c tank of walnut ceuetlc notaeh. Thle eystom wae found uneatle-
factory also becevec tho fllter 1n thc dlecharge cnd of tho
activetor tanx becane plugged und orevvented an wdoquatc goee flow,

The apporatus wes the modifisd (Fig, 5) so that a tank of
cuuetlc potash was attachod to tho ecvtivator tank by nmeans of
o five inch plpo and stuffing box. Thle syeton worked qultc well,
though 1t requlrcd considerable cttentioa to kscp tha large
stuffing box proporly lubricatod. The etuffins bex often etuck
beeuause thu grouse worked out,

Sinco tho dopsndabllity of tho upparectus wte ao vory poor,
it wus docldcd to sllow the nctlvetor tank to rcmcln etationcry
cnd ve £11) the ectivator tonk ocompletcly with compound cad to
cllow the hectlng to toko place only by notursl conduction., Tho
tima of uctlvatlon of u bateh wne thereby icngthecncd to nbout
3 deye, although 50 ncunds of compound could b: cctlvatod vt a
timo, und ne attcntion was requircd. This letter eystcom eocmcd
to bo thse heet eystcn yet devisod since 1t wes rueh cesler to
rrulntoin w high vecuun wlth ths steticnery eystum since no
trouble was chicountered with tlic etuffing box. Aileo only light
fllters ware regquirad on the activotor =nd caustic potueh tunks.
This alloied the vaper flov to toke nloco much more frooly.

In wrothur oxpcrimoent the coapound wee pliced in a contalner
tog:ther with a drylng agent. Tho conteincr vee thon pleced in
cn ovon at 115¢, The wetivatlon proccedod elowly. Of tho various
drying egcents tricd, only berium oxide ond phosphoroue pantoxido
weroe copiblo of ccetivating tho compound at 115®*. The activatlion
wce complste in cbhout 24 hours, A plyuwood box wes bullt and
filled with tho compound, Cloth bugs of barlum oxldc werc
buricd in the comnound, the box wes sccloed cnd then placed in
on oveh ot 115%, the intentlon belng to lecve the compeunéd in tho
cven fer & perled of o wook or nore. FHovever, the hett of hydro-
tinn ¢f the barium ~x1de wes asc grout thit the cloth bups con-
tolning 14 vore chorred wnd 4ho coamoun? ves 1gnitad. Although
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this proved unsutisfootory, tho principlo is sound ond if tho
beriun oxidc wore plicod in tho containers in such & way that
the hect of hydrution could be rcriovod, the procoss would
undoubtodly bo satisfactory.

{b) lMcthod of gggpurngion. The mothod of proporction
describod previously In subscctlon (S), article (f) abovc was
cmploycd in this work cnd sonc 16 prepurations totcling over 150
pounde of matericl wero nede. Various medifications of this
procodure vorce c¢iaploycd on some of tha lurge socle preparations

in &en offort to ncks the procodurc more coonomical. It wes

found thet the cmount of cleochol could be rofucid considerobly
bolow the 25 pcr cont conccntration which wus uscd in the first
proepurctions, hon the fincl tlcchol concentraticn was roduced
bolow 15 per cont the nntoricl was vory difficult to filter. Tho
volume of wettor uscd to dissclvo the sodium occotute usod for o
buffer wes dcercusced tc a minimun cnd wlsc the watcr uscd to
dissclve the dianinoe wnd the c¢cbilt salt. Thess roducticns in
tho ancunt of wator used mede possible tho climination of cvcn
meroe tleohol without docerocsing the finnl alechol concontration
bolow 15=20 pcr cont. As o rcsult of thcesc mcedifications the
cnount of alechol wes reduced te sbout one helf of that originelly
cnployed, and the woeight cf crmpound profuced por unit volums

cf solvent wes coneldoerably increcsod. All of theso madifica=-
ticns wero mudo without chenglng the quclity:of the final proeduct.

On thc basis of thcse largo scale studlos o procoduro vas
dcvisod which i1s considcrcd suparicr fer large scale werk. This
roccmnonded prrcodurc will be gliven in dotuil bolew,.

Proparction of i-
-%hbc 1t ) . &% o

& ng i esolvo in
1t 0.95 1. uf 68,5 por cent cthylcnodiamine. In cnother orock
heget B 1. of nlechol t¢ boliling and dissclve in it 2.66 1. cf
2=hydr xy=-3-necthoxybenzoldohydo, Add this hit sclution «f the
aldohydo to tho diaminc soluticn and stir therecuphly. In sncther
crecck heat 4 1. of water to belling cnd dissclve in it 0.82 kg.
of godium hydrexide and 0.41 kg. ¢f sodium weotnte. Add this
scluticn to tho creck of condensaticn preduct wné stir thoroughly
until 111 the crystalline .x.teriil hus diseclved. In cnethor
crock heat 8 1., of water and O.4 1. of ccoetio ucid tc boiling
wnd diosslve in thoa 2.5 kg. of e¢cbult chloride. Add this hot
ccbalt sclution to tho sclution cf the scdium salt of the conden=
sction product, ond stir vigorously for 15 minutos. Thon allow
tho motcericzl to stand wt leust onc hour befiorc filtering. Roturn
tho filtcrod matericl to the eriginal crock ond mix thoroughly
viith 40 1, of watcr. Filter, and ropcat ths washing proceas.
Filtcr thc m.tericl roe dry us pussiblu on the Buchnecr funnol,
and plecc in t. drying ovea sueh cs dcserihed in rrticle (i)
cbova in which & strocm of worm uir swecepbs cver thc conpound,




Carry out ths final drying at a tamperature of 110°, Aftar the
materiel is completely dry throughout the mass, grind the chunks
in a burr mill. Activate the nmaterial in a vacuum at a ten-
parature of 170-180°,

(7) Rat EE; gg 4 B b %
uthg;uggﬁlzgﬁgg oba ET n srut 8 ETev tric
Tethod described In detall 1n Eent on ., par E subsection

(1) of thie report wae uced to dotornino the rate of oxygana-
tion of Co-0x M at eevaral temperaturce. The reeults of thia
etudy, covering a range of tomperatures from 25° to-70°, aroc
shown in the accompanying greph. The conclusione roached in
thie work mauy bo sumaarized ue follows:

1. The conpound ie oxygunatud vory elowly oy mir at 25°,
about fiftoon hours being requiroed for saturation, snd it is
doubtful if tha thooretical capacity ie actually reachud under
atmosoheric prossurc at this tomporeturo. With puro oxygen at
thie tomperature e&turation of the compound ie attuined in cight
minutos.

2. Theo rete of oxygenation ueing dry air incrcasos ro-
markaply at tecnpoaraturos ecoewhtt below 25°, At 0° eaturation

was reichod in abdout tsn minutes. This comparcs favorably

with the rauc ebitained whon pureo oxygen was ueed at room tompore
ature. it & tcaparcturc of -70°, obtaircd by oiploying a
chlorofern and dry ioe bath, thoe rate is vory much elowor than
at 0°., In thie instance, oven at this ectronucly low temporaturc,
it 1e intercsting that tho rato ie still sonwuwhet nors rapid
thon at roo:i temporaturc.

3. Rates mado at + 12* and ot - 10°, indioato thit tho
optimum reto oceurs within thie rango.

4, By ccmparieons with the ratcs on the parent compound
previouely reported by Hooh, thie comoound wee found to bo vcry
much noro rapid espoclally at tomperaturce below 12°. L8 ¢come
nircd with the 3-nitro compound the rato of thie compound is
alcwor, but it hus cn ndvaentago over tho J-nitro compound in
thet it 6y bo dooxygensitod at a lover temperaturce. Othor cxperi-
wents haove Iindientcd thet thie compound may be coupletoly do-
oxygencted st 55° under atnmosphoric proeeurc, I% is probable
thet it auy be complotoly dooxygonatod by a vacuum at o coneid-
a1r0bly lower teaneraturo. .

In additioa to thu ratce dsterminod by ths gravimctric
.acthod s describeé wbove, two othor mecthods werc omployed, The
reto of oxygoration In purc exygen wos determined using the
dirfeorerting nanonctric appuratur desciibed in this ruport,
Suetink X, Pert a. The rate in nir was alase deterninoed using
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ths munometrio rato apparutus dssoribed in this report, Sootion
X, Paxrt C, subsoction 2. The rssults from bhoth of thosc apperie
tus cre in rooord with thoso just dassoribed. A comparison of
tho ratss of oxygenstion of the mocthoxy ocompound with othor
compounds will be found in Section X, Part C.

{8) Studice on the absc gﬁ Maist gx;D - i roxV~

ox"beﬂzc [othy_gpco n ne C dIE'EE%IIE% ¥¥icot o

on carrying copaoity. As iupliod in subssctlon }"'Buvo
Eﬁo aTICnetus, hIrE capccitios first roeportod for di- (?-h"droxy-
3-motboxybcnznl}uthyTEnodiimina cobalt wero due tc tho absorption
of wator by the nttericl, Xarly exporinonts idth tha nachinc
descrited in Soction XI of this roport indicatod that the
natoriel ws narkedly hygroscople and that this would plcy an
importent port in tho use of the corpound., It thercefoure booane
of intcroat to excninoe the bohuvior of the netoricl toward watoer,.

V'cighod steiplss of both tho oxygunatod cnd the dcoxygenated
forns of the coupound were placed in a hunidificer which allowsd
thon accees to air saturated with weter vapor ct 30°, It vas
found that tho oxygenaotod sanple, containing its thooreticul
cxygoen capecity, whon so exposod incrotsed in woight from 15-20
por ccnt uf thc weight of ths sanple token in perlods ranging
fron 10-24 hours. Uvon boing driod ot oxactly 100° undor a
vaouun, it rastaoincd 2,3 por cent of this noisture, &nd sould then
be reo-oxysonutcd, tho thoorotical wiocunt of oxygen again being
absorbcd, Tho 1nisturo which was retcincd ct 100° updor o
voaowun was lost upon heating to 170° vvithout noticoublc docreass
in the cxygen cupacity aftor thie troctuont,

In the casu of tho deoxygenated sanples cn cntiroly differe
ont cffoct was otsorved. A dooxygenutcd sanple, previcusly
hoving becn showe to carry thuorctical eapacity, upon oxposure
to alr soturatod with water vupor incrousod in s 'cight up to
15 per cont 226 upon oxygenatisrn in pure oxygen at 175 pounds
preasure corriec but 1.9 por cunt or ¢ deocreasc of 2,3 por asat
frra its crigincl veive, Vhen this natorial wos heated =t 100°
ii u vocuwa, ncarly 2 per cent cf the mnisturo wus rotainsd
and thc ocpacity of tho nataricl was only 2.9 per ount. This
matariul cculd only be cunpletoly ronctivntod by hoating to
170° in ~ vaoiuun,

Theroe was ne appreoiublo ehanpe in ecler observed upen
oxpoeing the dcoxygonatod samplc to air saturctoed with watsy
vapor. It svened probable that undor such conditions tho oon-
prund cbscrbod nolsture in prefsrence to oxygon.

Freol ths sbow it nor be concluded thot wiien tic dsoxygenctoed
forn of the compewnd has boon expesud tr noisture it boocnes
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incotive, and oan only bo restored by ocomplote ronctivation,
The roversiblo cnpnoity bnsed on tha dsoxygenation at 100° would
be 2.9 por cent.

Sinea tharo wna no chonge in oolor upon nbasorption of noise
turo by tho dooxygoehatod conpcund, 1t might bo concludod that
there was no netual chonlonl reootion involved in which tho
nmatericl chunged to ites origincl yellow inuctiva fcrn. Howe
svor, severcl instances were cbsorved wvhereupen & denxrgenated
soanple which haod been oxposed to ncist nir chungod to . ysllow
oolor identicol with the original unactivatod natcericl. This
phenoaeac was cbacrved upon heating the aniat sanmple somewhot
ubcve roon tsmporuture. It would theroforoe soon very probebls
.thnt therc 1s n definite chemical rsacticn in whioh the matsre
1al im cotuclly douctiveted by Tototinn wiih the rolsturo wnd
ooours nt o tenperuturo botweon €0 and 100Q°,

In order to obtaln informaticn relative to the ranto of
hydrnticn as coupcYyed to the ranto of oxygonaotlion, sanplos of
nctive, danxygonnted di-{2-hydroxy-3-riethoxybenzul)ethyleno-
diimine oobnlt were oxposed to alr of verisus huniditics and
the anount of oxygen and molsture absorbed under those conditions
detsrnired. Tho coupound used (L-38) hod a caopacity of 4.1 per
oant., Ths sanples of ebout 2 g. worc wolghod into identical

nickel boats, deoxyzencted nt 170* undor n vacuun for 15 minutes,
ooolod in an ovneunted dosiccator, thoen quickly wsighed and
plnood inthe hurmidificrs.

The huniidificrs werc mode from doslocators of the snae
sizo. Tho molsturo content in the alr of the hunidifioras was
oohtrollcd by moans of sulfurlo ncid asolutions of the propor
ooncentretionas The aold conoentrntions wore doter.ained by
apsoific grevity detorninntions using a pyknomotor, and tho
nolsturc contont of thcae solutiona was chlouluted in ngs of
wnter per litar, fron tho vepor praasute data for sulfuric neid
solutions token from Intcrnettional Critionl Tebles, Vol. III,
P 303,

Tho Jive eanplos wore plucced in the hunldifiers for e
poriod of &0 hours. The totel goin in woight whioh is tho wator
and oxygen absorbod ut the cnd of this poriod, waas nensured,

Tho gain in weight dus to ebmsorption of wontor alons wne riensurcd
by pluaolng the eaiple in an electrionlly hented tubc at 170°
and pnssing dry nitrogen over the sanplo ot thls tonperoturo

cné oollecting the rwisture in n weighed U tuboe filled with
nogresiun perchlornte.

Ths datn 1s surmarizsd in tho ucconpanyilng graph from which
it 1= ovident thot the poresntage of oxygen abeorbod deoransed
aazkedly with vntor cbsorbed,
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in experiment wae deeigned to conclueively ehow that the
active Co=-0x M can be nade to react with moieture rnd that the
original hydrated form will result. In this experiment an
active eumple of Co=Ox M having a capacity of 4.1 per cent,
dipgested in water on a stean plate for 12 houre., The color of
the matcrial changed from a reddish-brovn to the familiar yellow
color of the hydrate. After drying in ¢ vaocuum at 100° for 12
hours the aanterial woas uctiveted by heating the matericl to
170°, The loes in weight upon octivation woe 4.65 per cent
which checks vwith the velua reported by Calvin and veluce found
by thn setivetion of the original hydrate. The capacity of thie
aatericl roncinad ucchonged from that of the original nmutarial.
From thcee oxperincnte it was conecluded that tho air eaployoed
for the exyserution of Co-0x M muet be thoroughly dried to a
velug at lecst boicweDol mg. of w tir bor liter pf ir,

For the detuils of tho above oxporiments, sce Report XIXVIII,
Saction V,

(9) UYepnatlc Susceptibility of Di-{:

othxlEﬁEﬁITﬁlna ggguIt. Colvin the of Ca
flcneurcmente of tho megnotic suecoptibillty of di-{2-hydroxy-
Jemethoxybanzul)ethylunediimine cobalt were nede et Culifornic.,
The incetive motoricl ce first oprepcred, tuwe saaplce, (a) and
{(b), of thy getivuted meterirl, wnd the cetivetod npnd oxygoncted
netarisl vere mecsursd. Active ecmple (a) was preparcd by
activating thc nutericl in a vacuum drying pletol and filling
the a.gretic tube with cetive eample; the oxygen was pumpoed off
ot 100° ueing cn cepirctor. On romoving the tube ufter maasuro-
noent, the stwplo was not active. Three leyere weroe found in
the tuhbe, the top one of which wus very similir in appcecrance

to the inaetlve rnutoricl, the middle one wos broun, reeombling
the active form not previously observed. Active scmple (b) woe
activated in tho mugnetie tubo oy heating at 170° wnd pumping
by o Neleon pump, The dcta ecema to indlicatec that the active
sanple picks up wuter repidly and bacomoe incetive (eec Roport
AXVYIIY, Soction V).

265°

Iydreto 8500 x 10~% 3 clectrons

uetive scmple (a) . 5400 x 10~ A e e

cctive eeapic (b) 2500 x 10~° 1 cleetron
peroxide (1/2 0,) = vyeckly perancgnotic

The mapnctic susccptinhility of eumple 3 (LinmgcttL-12D)
Scetion VI, Kepomt XLOWIII, vus alse acagur:zd,

1 = 5i00 » 167°




Tho procodure of ncasurcerent vwas tho same £s8 that employed
in meesuring active szaple {a}, After neasuroment thce octivity
wia tasted ord found to bo less thuo 1 per cont. Tho ncgnetic
Aute indicate o alzture of 1 cond 3 cloctron ferms, possibly
hydrate cnd cctive form. Tho low wotivity agrcos with thils.

Fursthor details of theoso neusurecacnts cre given in Raport
XIXVIII, Scetion VI.

{1C) F!gggi 3 O T i.bov
dth!ld%%%i rna.ne Cobelt. Gulvin Lt ;

G OX'ECNH Pros8suse Chove di=|e2-aydroxy-s-ao 1
diirmin: cobzlt wus deteraiinod usliag thao cpporatus deseribed
aarlicy in comncation with sinllur ncasurcicats on the puarent
conpeund. The duterninitions vere run ot 25% ound the cquilibriun
wug approiencd fron ubnve.

Oxyzon Pruasure Extent of Oxypcnution
in cm, Hz in por oont

36 20.1
56 39.9
78 €7.6
vo 79.6
403 97.0

Siniler dote on the purent coapound crd on di-(3-nitres:licy2l}
othylunasdiinrinc ¢obclt (Culvin ilsonthly Roeport, lay 15, 1942)
hase dbosn roported,

(11) The Rate of Dotcricrution cf Di-

gthylonsuilaine Coorit. Muo Jdeterairttlons

Be-0x 4 detcricrntes varo @sterained. The firet dctornination
ng undo io the masking built by Gillilané (first scnt to Mcloan
et Chicupo Tor toxicoloslcerl studics) for naking lifc tosts

¢l the econpound and vas put through 2700 cyelcs. Tho conpound
1a this :wching was ceniclined in o tubo 0.5 in. in dicaeter and
about 30 in, in length. This tuba Lcld opprozinctily 40 g. of
th:e pewdered riterinl, The tonperaturce of tho cosling woter
vaoricd boutwcaon 1C® and 15°., The doorxygcnction wos cirried

cut with gteo ot atnesphexic pressure. The roate of passage cf
cir wra 7ery slow, lcss than 0,1 cu.ft, per iitoutc, The
gnteriog cir wuo ot €0 psi, wné tho cxit oir wiec unproxinntely
£0 pri. The urygeo vics givea off ot ctiwspherice pressure. The
ciz used in oxyecnuticn wue thoerosupliily dricd being poessed through
o .aochonical troap, o potuseiun hydroxido drying tower nnd o
asgneeian perehlornte drying touer. Tho cyelo was 10 nlnutes

in ongth, cbout six ninutees ©or oxysenatiern ond about four
siqates Tor dcoxygenition.




The capacity of the material was determined at intervale
by removing a portion of the compound from the tube. Thie
sample wae heated to 100° in a vacuum to effect oomplete
deoxygenation. The eample after welighing was oxygenatod under
200 pei, oxygen preseure for 15 ninutes. The compound removed
each time was disoarded sc that any ill effect eufferod dues to
expoeure to air would not influuance the data,

The rato of deterioration ie shown in tho following table:

Cycles Capacity Rate of Deterioration in
: : : poxr cent of original

capacity per 100 oyclos
0 4.15

336 3.71 3.18
1645 2.18 2.82
2700 1,84 0,78

This deterioration ie at tho &verago rate of 2,06 por eont of
tho original capacity per 100 cycloe, but as seon from the
table the dotoricration procecdnd nuch nore rapidly at the
beginning. This apparont docrosec in tho ratc of dotcrioration
might be dug to tho fact that tho compound was puckod in tubgs
in such a manncr, that only tho outsido layor was fully heatod
and coolod during the cyele. If such wero tho ooec it might be
rousonably oxpeetod thut the outsido layer would doteriorato
faster und after rather completo doterioretior would protcot
the inner layers in tho tubo from hcat chungos to such an ox=-
tent thoat the rate of deterioration amight seom to slow down.

%or tho final cupacity toat, the meterial uas hcatod to
170° in e vacuum. Ite capacity wre then 2.2 per ccnt. It up-
peurad thorafore that hydrotion hed token pluec in sonc way,
The aost roeascntble source of this moisture, sinco tho cir was
driod over acgnesium perchlorate, is from the combusticn of tho
organic portion of tho nolaculo or possibly cxposurc of tho
anterisl when sanples werc boing rciovod,

“ro socond dotorniration of the rato of dotoriorction of
di={2-hyéroxy=3-mcthoxybonzal)cthylcnodiinine cobult was dzter-
nined in thc rotating drum ncchinc deséribed in this rcpors,
Suction X4, Part Bpe The air wuscé wus cgein dricd by passuge
over walnut potassiua hydroxide ond mognosium porchloretc. Jbout
8 cu. ft., of cir ¢t 80 psig., wns pesscd through the drum during
ccch oyels. Approximcuely 600 g. of nctorinl war eontainod in
vLe Arum 30 thit this amouat of air wac groctly in cxcess o7
ttot “deoraitically ranviroad. The toancrature of the cecliug
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wctor vas 18-20°,. Tho tomperaturc of tho stetm uscd viao 100°.
Durin~ tho dooxyrenction a voecuum was ncintcined in the drunm,
Whilc the sorpound was hot, thorofore, it was in o vocuum.

This atudy wcs bogun boforo tho importanco of theo wotoi Chbsorbod
by tho compound was fully approcictod cnd mecsuroncnts of the
wctor contont of tho compound worc not mndo until cftor tho

tcat had progrossod about 1000 cycles. Tho crmount of wator

was thon doterminod at ths scme timo tho oxypone-ctrrying captelty
wae dotornincd. Tho noterisl contanincd about 3.25 por occnt
vater, c© valuo which did not changc during the pcriod cf 1000

to 3000 c¢yecles. Tho rosults of ihls study and of the first
study of thc rote of dotcrioration montionod above are givan
graphicnlly in thc acconpanying figuro. Thoe rate cf dotoriora-
tion of thio uatericl wos quito grect at thoe begirning of this
oxporincnt but lovolod off to a wnlue of 2.4 por cont &t about
1500 cyclos and did not doterioruto upprociably during tho noxt
1500 cyclos. The ovorall ruto of doterioration during tho 3000
cyclos woes 1,3 ocr cont per 100 oyclos.

23+ 2-Hydroxy-3-nitrobenzaldohydo
(3-l'itrosalicylaldohyde)

(1} fThe NitEation of Sclicvlaldohydo. Further work was carriod
out on tho nitrntlon of sailceylelddohydc, corplononting the work
described curlicr in which tho concontration of tho nitric

t.0ld uscd wes vuariod. A sorios of nitraticno werc run in whioh
tho ancunt of nitric celd vas voriod cnd othor frectors hold
constunt. The cnount of nitrio celd was voriod from the thooro=-
tical anmount to © 150 per cont oxcess; tho optimm tmecunt wos
found to be o 30-50 pur cont oxocss. In cnothor series of
ritrations tho tncunt cf acctic tcld uscd &8s solvent was varioed
frcm 3-7 tincs the woight of oalicylaldchvdo being nitratod,

Tho optiaun ceondition viaas found to be 4-5 timgs tho weight of
tho nldohydc. Propnrutione using the best conditions of nitrio
ecid ecnecentraticn, oiiecss of nitrie celd cnd volumc of acotio
acid gavo yicldo of 92 ocer cont of the combinoed 3- und S5-
ritr»usulicrlaldehydes. Rotinoicnt of tho notihod ¢f soparating
the igomarie coupounds gavo copnsistont yloids of the two isomors
in the rotio of 3-nitrc to S-nitrosulicylcldohyde of 46 to 54,
The dotuils of this werk will be found in Report XXIX. Tho
rocoiricadcd proccdurc for the nitration of salieylaldchydo, tho
sopriction ¢f 3- cnd S-altro isoners wnd the prepurotion of
¢i-(2-hydrcxy=3-nitrebenzol) othylorodiinino cobult follovs,

Locornendau Frocedure for tho Hitraticn of Scliocylcoldchyde
Lpd *he gcperaticn ol tho 3-ITtro and D-Nitro Iscncrs. TAC
TTtrition. IR t B ilter, S-ncek flusk, oquipoped with & aoter

Citvep stirver, @ 4xoppling fuanel, o0 thernenctoer, und ¢ vocuun
Ma: to surry off tno fuaazs, plues 2000 gZ. of gluelul ceotie
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veld :tné 500 g, of sulieylrldchyde (tachniecl). Cool this
solution in en ice bnth to 25° cnd then stort the slow cddition
of the nitriec weid., During the ncxt 2.5 hours 4dd 400 g. of

98 per ccnt nitrioc soid, sp. gr. 1.5C. This cold must be

zdded slowly cnd ufter ths first 100 g. hes been ndded the tem-
percture should bc raducod to less then 15° cnd held bolow 15°
until the cddltion is complete. After =11 of the acid hes

been vdded, remove ths solutlon from the iec bzth end cllow it to
verm to zbout 45°, This will trke from 1-2 hours. ™hcn the
tcmper:ture rosches 45¢, immedl:.tecly pour the moterisl into

10 1liters of water contoining some crccked ice, let th: meters
iz1 st:nd 't lerst 5 hours, thon filtcer off :-nd dry. The yicld
from this procedurc is :bout 92 pcr ccnt, c-lcul~ted on the

besis of the technliorl grade snlleyl:ldchyde -8 85 per cent
purc.

Sepurction of Isomcrs, On tha bosls of the work deacribed in
Report 4V, The faIIawtng procodure is rescmmsndsd for the sep-
cretion of 3-nltrs s:1lieylzld_hydc from S-pltro scllieyloldehydo.
Dlssolve 4 puorts of the mixture of iscmers in 30 ports of

water cnd 1 p.rt of sodium hydrcsxide, Heot untll c©11 of the
meterisl is in eolution, :nd =1lluw it to ¢oul slowly by stind-
ing overnight. Fllter off the eryst:1llinc sodium s+lt of S5=nitro
sclieyl-ldobhyde -nd tre.t the filtr:otc with 1:1 sulfuric ncid
until nc more m.terisl 1s precipltoted on further cdditicn of
reid., Tilter off the pure 3-nitro sulieyleldehyde.

In order t: further purlfy tho S-nitro sulicyleldchydo
rooryetsllize the sodiwa S-nitro s:licyl::ldchyde twiec from
6 tles its welght ot weter. Dissolve the resulting pure sodium
S=nitro s:11cylrldehyde in 6 times itswelght of woter ¢nd neldify
with 1 to lsulfuricc ceid until . more precipit:te =ppscrs,
Filter off und dry the purc S=ritru s-lieyl:ldehydc, .

In .réer to obtsuin the 1isorer of 3-nitre s-lieylcoldchyde
which will glve on oxygen corricr Gissolvo the 3-nitre s llieylel-
dehyds »nrep.red cbove 1n twiec its weigat of hut clechol -nd
pleec thoe resulting soluticn in o well insul~ted conteilner,

Allowi the soluticn tc stird 2 or 3 d:ys without disturbing -nd
ther filter off the lerge derk brown oryst-ls of the high molt=-
ing isomer, llip. 108=110%

{2) Rscommended Procedurs for the Prevaration of Qi-‘2-h¥droxg-
3-nitrobenzalleth Iensdiim{EE_CObalt. Dissolve 2 moles ef 5=
nitro salicyleldshyde (m.p. 106-110e) in 1500 ml. of hot 95 psr
cent alcohol. To this selutien add 1 wmola of ethylenedlamine.
0ool the solution end fllter off ths orcnge-yellow pracipitate.
Mis the Sehiff’s base without drying into 10 litsrs of hot water.
1dd 2 moles of sodium hydroxlde aoné 2 moles of godium acatate
dissolved in 1 liter of weter. To the resulting materi:sl add

2 meles of cotelt chloride dissolved in 1 liter of weter, Digsst
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ths mixture on e steam heth for 6 to B8 hours. Tilter end d4dry
ths meterisl at 100°, Aotivate the dried compound either in s
veouum oven st 120* or under infra-red lamps.

(3) The Activetion of Ni-(2-hydroxy-3-nitrobenzel)ethylensdiimine
Cobelt, Studies ware nnée oT %EE activation of EI-!!-E?Eroxy-S- '
nitrobenzel)ethylenediimins cobelt under verious conditions.

At e tempereture of 125=130° in eir the meterlnl wss alowly
sctivated, ebout 24 hours being reouired. T™rere wss no

apperent dacomposition et this temperature. 7'Inder e vecuun

the compound was ectivated et e somewhat lowar temoeraturs.

Thare 4did not secem to bs e definite optimum temperature for the
eotivation ee experiments showed that the asctivation occurred very
olowly at e tempereture of 90® under e high vecuum. Only st e
tempereture of 1l20-125° wes the rata of ectivation rapid.,

Ths compound d4i-(2-hydroxy-3-nitrobenzel)othylenediimine
ocbelt wes found to be partly activetsd et room tempereture in
e vecuum over phosphorus pentoxide, A sample activated in this
manner for sevarel days cerried 2 psr cent oxygen, '

(4) Rate of Oxyeemetion of Diu!2-hxg;o¥x-3-n1trobanzel)ethxlane-
diimine CSSE} « A numdzr of detarminations o a rate of oxyreon=

etlon of «hydroxy=-3-nitrobenzal)ethylenediimine cohslt were

mede by the grevimatric mothod deseribad in deteil in this reoort,
Section X, Pert C, subsection (1), This method wes quite eetis-
fectory although the compound exhibited e tendency to plug the
gleas wool filters end prevent the flow of gas through the
U=tubo.

It wes found that di-{2~hydroxy=3~nitrobenzsl)athylene-
diimine ccbelt ebsorbed wster 83 wall es oxyesn 1f the eir or
oxygen used wes not throughly dried. Therefore e etudy wee
made to detarmina the correletion betwe-n tha cuantity of weter
pressnt in the gas ond the rate of oxyrenation, the oxveean praea-
sure &nd tamparoture boling held constant, The humidity of the
in-going gas was andjusted hy passing the ges through sulfurioe
ocid solutions of various coneentretions or through suitehle
ssturated salt solutions. ihe gain in walght of the T"=tubo was
meesurod snd the oxypon cvolved end 1ts volume detormined, The
welght of oxygen nhsorhad wes then calculnted end this welght of
oxygen subtracted from the gein in welpght of the T-tube, The
differonce in welght wos then aquel to tha welpght of woter
obsorhad, Tho rete of ahbeorption of water wes essumed to be lin-
oer during tha perlod of oxygenotion, tha rote of ehsorption
of water oer minuta was celculated, and this vslue was opnlied
as n corraction to the welght of tha U-tube et noch intervel
during the oxygenation. Thera was thus ohteined the reto of
oxyegenction plua hydration end tha rate of oxyrmetion olene,
L1tiinuph this method muy not be ehsolutely ecorrect since the
vbhaorption of water mny not have baen lineer, it e feolt that
1y grror involved could only be vary small,
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The dote obtuined [or the rocte of oxygenction plus hydrotion
cnd the rate of oxygenetion elone ot ctmespheric pressure cnd
rocm tempersture ot relative humidites of 0, 5, 10 =-né 56 per
cent tru shown 1n the ccecompenying thrse griphs. A s:ztur-ted
since chlorids scluticn wos used to cdjust ths humidity of ths
cir £o 10 per occnt; sulfuric celd of sp. gr. 1.67 wis used to
cdjust the humidity to 5 per cent; the ctmusphere -=s uscd diracte-
ly h:d = humidity of 56 per osnt.

" lThodints of cxyggnitiun of di-{2-hydroxy-3-nitrsbvenznl)-

et o chi i cg « £
I 23 R T Pt O R I LA gy i It
Port C, subsectivn (3). The rotes of oxygenction were deter=
mined ¢t 24°, 55°, 70-72° cnd 87°, The results cre shown
gr.phic.lly in the rccimpunying figure. The rite of oxygenstion
of di—(2-hydr:xy-s-nitrobenzng?ethylenedi1mine csbolt chrnged
only slightly with tempcroture. This is portisulrrly interest-
ing sinec the rscte of cxygonrticn of the prrent, oxygen=-corrying
ccmpound vories groctly with toemper:sture.

The point ot which the rate curve level:s off depends markedl
upon the oxygin pressure, thet is, the highoer the oxygen pressure
ths perrer tc the theoreticsl, oxygon-o:rrying capeeity the rate
eurve wpprocches before lovellng off.

Even when deoxygencted di-(2<hydroxy-3-nitr:benz-l)ethyl-
cnediiminc ¢2b .1t w-s pl-ced in cn Ltmesphere of exygen et 200
psig., it did not quickly becemc entircly scturcted with oxygen.
In f:ct -pprozxim.tely 30 minutes wis regquired fer the last few
tanths per ccent of oxygen tc be obsorbed. However, when the

compound w.8 s-turated with oxygen -t 200 psig, it did not lose
exygen when the oxygen pressureé was reloosed,

The role¢ thet weter pliys in the rete of ox{gan:ticn of

di-{2-hydroxy-3=-nitrobvenzcl)ethylencdiimine cobrlt is net entirc-
ly olecr, .pporently the rote of oxygencticn is slightly frstsr
in .ir or oxygen contuining - smll cmount of water, th-t is, ot
relstive humiditics of 10 per cent or lezs. At the 2-me tims

the compound is rendercd in:etive by the cbsirptiosn of wter,

The dezxygencted ocmpound upon cbscrption of w.ter immedi:tely
turns yellow., It o'n be regener-tod by houting in - vacuum

ot 120° .8 descrived in the following seoticn.

5) The Abscrption of Moisture -nd of Oxygen by Di-(2-hydroxy-
é-éit??ﬁenzv;[etE%%cnchIﬁIEEjzﬁE%i. A‘E%%IEG of weigEeE g mplee
of the .otiv.tza di-(2=-hydroxy-o=-nitrobonz: l)ethylencdiimine
ocbolt were ploced in air of veritus known humicitios -nd nllow-
od to oome to equilibrium., The moisture ocntent 9f the ~ir ronged
from 25 mg. to 0.2 mg. per liter of _ir; thesc humicdities wers
cbtained by pl-oing in desiecrtors the proper ccnecntration of
sulfurie reid. A4t the end of 72 hours enech s:mple w.s welghed,
then deoxyren-ted ond dchydr:ted by pl-oing in :n glcetricrlly
Ferted tubn ot 100° - nd preosing {ry altrogen over the srmple.
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RATE OF CTYOENATION
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pi-(2=hydroxy-3-nitrobenzal)-
athylenediimine Cohalt At
Various Temperatures By

.*
|
|

i
|
A
|
|
]
|
H

3 ﬂx_lu cent
|
_

Volumetric Mathod.

e 24" L] 70°*
s 46° a 78°

x 55 are




o
©
<]
[
[*]
]
2
=
[
<N
Lo
o
o
o
=
]
©
B+
[ ]
(=

T3 R T IR
[Theoreticel Valu

= S T
8, 3.83 wuu cent

RATE OF YYD ENATION
oe
1}=
i- m1uununuw-mlnmndadmnu= )
i uwuuuquwm_papnm robalt At
various TemperatuTes By
Yolumetric Method.

e 24°
a 48°

X




The moistura avolved was collected and weighed in a U-tube filled
with mughesium perchlorate. The sample was then coolsd in a
vaouur. deelccator and reweighed. Tha loss in welght wes eguive
alent to both the oxygen and the moister absorbed. Irom the
welight gained by the U-tube and the total loss in ‘weight, the
amount of moisture and the emount of oxygen absorbed ¢t eaoch
humidity was oalculated. The results obtained ere summariced in
the following table and acoompanying graph.

Density Perocent ¥g. “ater Par Cent Fer Cent
HaS0, H,50, Per Liter Oxygen Water

alr abacrbed sbsorted
1,299 39,6 25.4 1.93 1.98

1.450 55.5 11.4 2.16 1.40
1.521 62.1 6.4 ——— etk 4
1,629 71.6 1.7 2.6 0.6
1,740 Bl.2 0.24 2,85 0.3

+ Sampla 3 wcs leoat during the course of this run.

It is app:rent thot the absorption of oxygen decreaced
rmerkzdly with inoreasing water content in the eir. However,
by comperieon vith sinmiler dcta found for Co-Ox M, seo thie
raport, Seotion VI'tPart B,, eubacotion (8) end acoompanying

grzaph, it is evident that the effect of moisturo on the 3-nitro
compound is muoh less, than on the J-methoxy compound,

In cvery caso upon deoxygenction :né dohydration at 130°
the samples roturned to thedir original weisht showing thet all
of th: pmoisture hed beon rcemoved et thia temperatures The poas-
ivility of entircly romoving absorbed molsturc st a much lower
tcmpiraturo hos not as yot boen definitely aecertalined,
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I. 2-Hydroxy-3-nitro-S5-mathylbenzaldehyde.

The compound 2-hydroxy-3-nitro-S-methylbenzaldehydie wse
cbtained by the nitration of 2-hydroxy-5=-methylbenzeldehyde
in glacisl acetic mcid {Report XOO(II, Section IV)}. Thia
aldehyde was condeneed with ethylenediamins and the yellow
condensution product converted to a cobalt compound. This
¢cobalt compound wue given the ususl heat treatment and teete,

gnd was found not to carry oxygen. This wae rather surgrising
naemuch se the 2-hydroxy-5-methylbenzaldehyde end Z-hydroxy=
3=-nitrobanzaldehyde compounds Go ¢.rry oxygen.

J« 2=Hydroxy-3-phenylbenzealdehyde

Attenpts were mede to prepere the aldehydec 2-hydroxy-3-
phenylbenzaldehyde by the Duff reamotion on g-hydroxybiphenyl.
The desired aldehyde wos not obtained by steam dietillation
of the ncidified reaction mixturc. Attcmpts to ieolata the
aldehyde by extraction methods werce not made snd other methode
of synthesis have not ¢s8 yet been employcd.

K. 2-Hydroxy-S5~phcaylbenzaldehyde

The compound 2-hydroxy-S5--henylbenzeldchyde was eynthesized

fron 8-3;droxybighcny1 by the Duff rcesction. Thie sldehyds
wag cUndinssd with ethylencdieminz -né the bright yellow
Schiff's base obtained convurtsd to ¢ cobelt derivutive,
Attenpts to activate this maturizl by hoating in a vacuun et
various tumpurutures proved unsucccssful znd the meterizl did
not cerr: oxygun., TFor detsils of the preparation of the
aldchydc s Report XIXII, Sasction V.

L. &2-Hydroxy-4, 6-dimethylbenzaldehyle

. The abov: rldehyde wes propared by thc Duff recction on
3,5-xylenol. Upon stsam dietilletion of thz acidificd rcaoticn
mixture the riesirced wldehyde was obtalned es o white solig,
M.D.: 435-45°, Yicld: 11 pzr cent. The Schiff's baac of

the wbove sliehyde with ethylenediamine wes prepercé by the
usuel method. The cobalt derivative wes proparcé by the
ulcohol nuthod and yiulded c brillient oremge-r«<d compound, ”
Upon heating in o vaocuum ot tcmpératurea vurying from 100-17Q
thore was no vppreciable deereusc in weight or chznpge in oolor,
end the sumplo showcd no oxygun cetivity,
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M, 2,3«Dihydroxybenzaldehyde.

A great deal of work was devoted to the preparetion of
thia material by the demethyletion of 2=-hvAroxy-3-methoxvhenzals
dehyds.

(1) Syntheais from 2-Hydroxy-3-methoxybenzaldehyde by Namathyl-
ation, he demethylation of 2-hyiroxy-s-methovvhenzaldehyde
would eppaar to be a relativaly eimple matter particularly in
view of the ease with which damethylations ere ordinarily
carried out and in view of the work by Pauly (Ann., y 312,
1911} who recorted obtaining e 50 per cent vield of 2,3=dAihy-
droxyhenzeldehvda by demathylating 2-hydroxy=3-methoxyhenzel=-
dehyda with 48 per cent hydrobromlic ncid in en acetic acid
solution. This reection was also carried out bv MNatee at
Stanford "miversity, {(Masterte Thesis). Some 15 diffarent
ettampts were mede to carry out this reaction usinge bhvdrohromic
acid and thke procedures of Fauly and of 0latas, hut the results
ware Tar from setisfactory. T.e yields naver exceedad 15 per
cant cent and tra emount of lebor involved in working uo the
product and separating it from the unreacted 2-hyiroxy-3=
methoxyhanzeldehyda and from tha tar which accompanies the reacs-
tion discoureced any hooa of making this procass a nractical
one.

Mha Monsanto Chemical Companv has oreoered 2,3-dihydroxye
nenzaldehyde. They stated, howarar, without telling thre mathod
usad, that tha materiel was extremely difficult to obtein..

{(2) Condensetion with Bthvlenediemina and Mohalt. Several
preparations of di-{2,3-31hvaroxvhenzalktrylenediimine were
made by the usuel procednre of nranarine a Schiffts hass, Thria
work wes Aona with a8 sarnle o® 2,3=dihviroxyhenzaldebyde obtaine
ed from the “onsanto Cremical Comoanv. 2,3=-Nik"droxyhenzelde=
byte was dissolved in hot aleohol and to this solution one-half
aquivelent of ethylerediamine was added. ™ith the nrooer con-
centration a rod solution was formad wriech on conling formad

a yellow-oranre vwrecipitate consisting of flat olate lika cry-
etala. This material had a sbtarP decomoosition temneretura

at 220°., ™ran prenared by this method recrvstallization did
rot arneerr to imrorve tha nroduct.

The reaction of Ai{2,3-dihvdroxybenzal)athylenzdiimine and
cohalt selts was carried out a numher of times. Tris com=
oound was rrcrnared b first forming s solution of tre sodium
galt of the condensation nroduct, ther adding cohelt ctloride.
Various modifications of this metkrd in whieh 2lcohol wea used
wero also tried. The nyridine mathod of Calvin and the Airect
nixing rattod ware also #moloyed. In all thosa prensratione
tha product was rad-brown in color aft:r havirg hteen dPied
at 100°., The material 414 not earrvy oxyran, On kPeating to
temperatures as high as 200° in a high vecuum th2 material did
not lose apnrceisbly in w-ight ard did not cexhirit orveen-
carrving oronerties,
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Whan praparad in high concentrations of alcohol an orchid
material was cbtaincd which appearad to ba a comoound corras-
ponding to tha orange compound formed by the reection of
disalicylalathylenediimine, sodium hydroxidc, and cohelt chloride
in ahsoluta alecohol. Thia matarial d4id not reaet with water,
howaver.

It was ballevad that Ai-(2,3-dihydroxybanzal)ethylenadiivmina
cohalt, which has two aecldic hydroxy grouns, could *orm a sol-
uble salt with & bese end nroduce an oxveen carricr whieh m'ght
work in wat~r solution. A number of attempts wrre medo to iso-
lata the sodium salt vithout success. Tha A1-{2,3-aihvéroxy-
hanzol}ethylenzdiimine cobalt wrs found to -2 3cluhla to tha
cxtent of 3 par cent in wator contalning 2 coulvalents of sodium
hydroxidz. This wat»r solution was found not to carry orvaan.
*han oxygen wasg huhhiad through this solution it turned hlack,
showing possible orxidaticn., ™Tro mntarials rcecovered from tha
aolution, otiher bofore or after treatmant, 'wem: found not to
CArry OXyegen.

N. Z2=Hydroxy=3=ethoxyhenzeldchyde

The work on di-(2-hydroxy=-3=-nmcthoxyhenzal}athylenediimine
cobalt dcserihad in Scetion ¥I, part R, of this renort hrs
shown that this comnound oxysonatsé extrpmcly rapidly in air
at atmospherlie pressure and at temocraturces batween 0° and 15°,
Vaturelly the character of thz homologous 3=alkoxy comnounds
beoame of intzrest; An inercasa in molzcular wiirht waa nree-
dict2d by lLatimer to increass the ecneral roectivity of the
parent oxygcn-carrying compound ard in turn to incroase the rate
of oxyeenation, The mcthoxy comround is Tast, hut a fastar
compound would bo still b~tter., In addition the ri-thoxy comoound
haa ocrtain undesirable characteristics. It is first obtained
with water of crystallization which cen only »2 ¢liminated by
heating the matarial to 170® in a vacuum, thus complicating its
manufacturs. The activatad matarial is extram:2ly hygroscoric
in nature so that the air used to oxypenate the comoound must
hz axtremely 4ry. The ¢bsorption of star deercasas the oxvesn
cerrving cepecity of thk2 comround since thsz hydrat:d matorial
do28 not carry oxyfen. A more desirable comneund would give
up its water at a tampersturce halow 100° ond thus rrnder ths
activation atcp at a higher +amperaturs unncenrgeery and in addi-
tion allow tha use of ailr not so thoroughly dri=4,

Thc cobalt drivativo of E2=hvdroxy-3=ctroxyhonzaldehyde
and ethylonediamine wes tharefore nraparcd and sinece it aporar=-
ed not to hav: sem2 of the undesirahle charect:ristics of tha
methoxy compound it was subjootud to drtailed studins whioh
are continuing as this reoort is writton.
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Synthotle 2-hylroxy-3-mcthoxyboenzilichyde vwee ~voll-blc
in falrly lsrge nuantltl:s for the proparaticn of Co-Ox M3
unfortunct.oly, safficicnt quentitlis of 2-hydrsiy-3-cthoxybone
zeld. hyde wirc not avallabls for proliminsry work on 1ts cobselt
¢ »prund, The ourly work wes cerricd .ut with 2-hydroxy-3-
tthixyb.nzeldchyde prepar:sd from cetechol by conversicn to
S=cthixyphonol cnd tho applleation of the Duff reectl.n on the
lattir. Latir, attempts were madc t: syntheslz: 2=-hydroxy-3-
cthoiybonzaldehyde by demcthyleting Z-hydroyy-3-mithoxybonzaol-
dchyde gnd cthyluting the 2,2-dlhydroxybeonzsldchydée s produccd.
DIfflculti:e wore cxp.rienccd with boatk steps of thls meth-oad
e 1% aoug ngp eppoar to bo e feaclblc mocth. d fup ohte
z-gyé?sIY'§'¢tl03¥g9nZ&iaCBY¢€- It was kn~un tha€ tgc égéggntc
Cheml:cl Compeny of St. Louls, Misscuri manufscturcd cthylyenil-
lin znd 1t wee therefore suspected thoet they might have svall-
able, «& u by-product, 2-hyiroxy-3-ethoxybenzaldehyde. Although
at firut reluctunt to dlscuss 2=hydroxy-3-ethoxybenzecldehyde
becsuse they hed not devoted attention to vo:king up the erude
meterial they had svilleble, loter they furnished semples of
crude 2=-hydroxy-3-ethoxybcnzaldshyiz for esperimental work.
jonsanto stoted further that ths production of 2-hycéroxy=-3-
ethoxytencaléchytc was limited to :bout 200 pounds per month
rné thut thers wes no known methoc of propuring the metericl.
It woulé epperr, howcv.i, th t . u.thod of procuclng this
mtericl could be devis=ed if the offort rcculrcd wer: jJustificd,
~h. followl subscetions desorlibe 1n cit.1l th: vork whish
wag qone en the syrthesls of 2-hydroxy-3-ethoxybunzaldchyde.

(1) Syanthesls from Catechol,.

(2) Synthcsls of o-Tthoxyphenol. .lthough g--thoxyphencl
1s mentiofTd@ T €he t1téToture & great many timos, cloar cut
dirceticons for 1ts synthesle cre licking. The dl-cethyl ether
nos beon nzde erd then convertcd to the mono-cethyl cethoer by
treetment with 2lk-11, Very cirly work 1ls montloned 1in vhich
the etavletion 1s c:rrled out uslng cthyl ladlde but no deteails
ere glvens  LLothor method 1s described 1n vhich D-ethoxyphensl
1s cvtincd from p-phenctldin by dlezotlcation, Still enother
@.thed degaribes o proporaticon from the dl-ethesr by m2:sns of
& Grignerd rocetion. i roview of ¢his litorature will bo found
In PFepost OVID, Scetion IIIL.

. &rewt number of preparstions of thls noteri:l wero
¢.rricd cut durlng thc cours: of the work :nd th: vorlubles
which wele eoucldercd impirt:int 1ln the proporcticon, werce varled
syatem. tiecwlly, The tempercturs during the cdditicn of the
823ium ayérovide to tho pyrocntechol o voricd from 59C ¢
40°C rnd th: length of time token to .43 the scdlum hydroxide
w3 vorled from 20 to 80 nminutcz. The temper turs of the
soluticn durding th: cddition of ethiyl sulfete w.s vericd from
53¢ tc BSe und the time T .daltlon from 35 to €0 nirutes,

T~ fln.i sgoluticn wuwz reflugsd for perlode vorylng from 15
ifnutes Lo 190 winates,
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Roednmended Froesdurc for the Prepercticn of c-Ethoxyphenol.

In u liter, 3-ncexed, round-bottom flesk provided with
» reflux condenser, &« stirrer, :nd & dropping funnel, nix
1 mole {11C g.)} of pyroe.techol with 200 ml. of vater. In
e beaker discsolve 1 mole (40 g.} of sodium hydroxide in 100
ml., of weter. Heat the p{rOCLteehol solution to bvoiling vith
constant stirring. “hen 1t is refluxing evenly end sll of
the oir hes been displaced from the fleck, :dd the sodium
aydroxide solution through the cropping funncl. Rinse the
Tunrel *-ith & 1little distilled water znd th-n pour 158 g.
{4 . excess) of diethylsulfite into it. Add this diethyl-
sulfate slowly to the refluxing =o0lution over o period of
45 nminutes. Reflux the fin:1 nixture for one hour, cool,
z¢laify, :nd sepcercte the top (oily) luyer. Stesm distill
this oll with & smell fleme under the flusk. Then sepurste
the oil from the dlstillate, dry for a« few hours ovcr enhydrous
crleium eulfete and vacuum distill, Collect @ 5 degree frage
tion =t cbout 100° under 10 mm. pressure.

The unreucted pyrocatechol cun bz recoversd from the
water loyer of the origincl reuetion mixture by extrzction
with e¢ther. Eveporacte the ether wnd vzoeuum distill the re-
sidue, eollceting the pyroc:techol cbove 110° under 10 mm.
prescurec.

(b) _pplicetion of th. Iuff rerotion to o-Zthoxyphepol.

Of the v.riosus m-othods owelluble for the prep:r:tion of
o-hydroxy tldchydee, thc mithod of Duff (J. Chcm. Zoe., 1941,
54?* is parvieul rly intorcsting in being r:cpid -nd c:.sy to
ecrry out. Although previous expiricnce with the method h:d
not been too fivorible, scc Report “OXXII, it wis decided to
ctudy the re.ction somowkot further. For this re-scon studics
were mide on @-=phoenylphenol, $,5-dimethylphenol, =nd p-ercsol.,
The offeet of drylng the reegents vies studled. The important
point, however, was Tounc to be the tempercture -t the time of
nddire the hoaxpmothylenctetramine, end it was found best to
udd the hexemcthylinetctroimine end phenol simultencously. This
rocetion wos run a nwnboir of times in the prepsretion of 2-hy-
droxy=-3-cthogybenzeldechyde with verlous modificstions in the
proccdur: but the muximmu yiclé obtzined wes only 11 per ccnt,
(e Renort XXVII, cecation ¥ for deteils of this work.)

c-Hydroxy-o=-cthoxyb.nzzldehyde i= : vhite erystalline
s0lid {m.p.: 64-659, b.p. 263-2£4°/740 mm. with slight dc~
eomposition.)

{2} Synthesis by Tthyletion of 3.3:;ihydroxxbenzgldch¥de. It
wss thought that on cthylatlon the 3- p¥tion of 2,3-dlhydroxy-
benzeldehyde would be rolrntively easy to cthylste -*ithout tho
sianitsn=acus e2thylation of the 2- position cnd th.t ir thic
ronter S=hydrosr=d=cthoxyhenzolichydce could be proparcd. [
ngisr of wasueccssrul att-mpte war m2ds to cthylatc 2,3-

e e av wene Woohrde usling both diotlyl self te and ethyl

- .
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icdlde end ocarry the rcaction ocut with sgquesous sodium hydroxide
ggluticon, +1lesholic sodium hydroxlde soluticn end with motzllie
zotium in toluene. Trom all of these vericticns, only the
orlein:l 2,3=-dlhydroexybenzeldehyde wss chtalncd vith sometimes
. 5m21l smount of tar. Thesc negative results wcre rothor
dlsconcerting =nd erc rathor 4ifficult to oxplsin. They arc
porelbly due tO « double chelats structurc of 2,3-dihydroxy-
benzaldehyde.

(3) ZIssl=ticn from ionssato Crude, .. ten pound ssmplc of
crud. Z-hydroxy=-d=-cthczybenz: ldehyde wes 2bteined from the
Monsanto Zhemlenl Compony with the worning th:t it vouléd he
very pocr m.terlal ecatcalning only sbout 80 por cont of 2-hy-
droxy=-3-cthoxiyhenzeldchydes The metorial obteined vus sub-
Jectcd to o veeuum distillation. The 2-hydroxy-S5-cthoxyben=
zeldehyde distilled ot 156-158°/30 mm., yl:lding =bcut 80 per
ccnt Of motorlcl melting at 64°. The froeti.n dictilling at
158-185° v.g further freoticneted ylelding : further 10 por cont
of G-hydroxy=-3-cthoxybonzaldehyde. A smell emount of higher
bolling muterial wus obtuined.

~aditicncl studlcs cn the erudc moterisl have indiented
thet the Schiff's busce with cthylencdloming proparcd dircetly
fr.om the crude rctorlel h:s the sume melting pelnt s o sample
of racrystillized Sehlff's bhuse prepursd from ocurcfully puri-
ficd -ldehyce cnd ethylenediimdne, This wiuld indic:zte thot
there 1 no neecssity for further purifylng the motericl Af
the Schirff's bosc is 1c012tcd ne o etop in the manuficturc of
the cobult cumpound.

(4) Di-(&-hyarcxy-3-cthunybonzaul)c g 1ing Z=Hydroxy=
3e:thoxybonzs idehyde w.o eondeLscd with cthylonedi:min: in on
absolute :lechel medlum, The bright y:llaw ecndene=ticn was
recrystillizcd znec from cleohil m.p. 138=-140°., The Schiff's
b.se v 5 o.luble in dilutc clksll,

(3) Di-(2-: ~Ay=O=othonybone 1llethylencdlimine Cobolt

(A e ' rat prep roticn of =(&=hydr.xy-F-c¢thoxybin-
zal,cthylened ¢b 1t v.& m.de 1in dilute :1le.hil. The
SeLiff's b ez w g dissolved In hot :lechel :nd tre.ted with o
hos, tguacus scluticn of the ¢ 'leuloted :mount >f ecb:olt

sact te. £ golden prseipitate w.s obtoined. This meteril
turined brownlsh-red vwhea dricd under vocuum -t 100°. When the
dricd materlal wos capescd to (. ir, 1t quiekly turncd bhl-ck.

Th: compound e.rricd the theoretie .l amount of oxygen, 3.80

per cent.

The sezoné boteh of di-(2-hydroxy-3-vthoxybenzol)cthylenc=
d¢iluine erbalt w.s lsc orep rod in dllute _lochil but using
toc suvdlum s-21t of the Schiff's Wisu. The Schiff's b s¢ pre-
prial foon £-hydroxy-S-cthoxydbonz lichyde w.o s dissolved in the
éilate Yk 131 no shen tre ted writh eohzlt ceetots to form

¢ ='r=hyir.xy-Js-cthorybasar .l o thylonedliizine cobilt, Thie
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was carried out in a 30 per cent aleohol solution buffered
with enough aeetio seld and sodium acetote to make the finsl
mixture slightly aeid. The compound wes maroon-red but drying
a4t 100° chunged this color to s light rsddish-brown. However,
a5 soon as the ecompound wus cooled and exposed to sir it turnead
black vary repidly. This eolor change wes cheeked on the n.p.
appar=tus and wus founi to occur ut 87-90°. The oxygen rbsorb-

ing czpuclity of this materi:l corresponded to its theoretiezl
value of 3,80 per cent.

(6) Ruate of Oxygenction of (Di-(2-hydroxy-3-ethoxybenzal)-
ethylenedilmine Cobalt. The rato of oxygenation of Al-{2=hy-
droxy-3-ethoxybenzc1)ethylenediiming cobelt was determined zt
threc temperztures, 0°, 10°, znd 20°, using thc gruvimetrio
methoi deseribed in Seetion X, Purt C, Subsection {1) of this
rcport. 7dhe rute of oxygen:itlien was essenticlly the sunme ot
ecch of these temperatures cnd the rate of oxygenction is
somewhst slower thon that of the methoxy compound, recching
80 per ccnt of saturotion in 21 nminutes, wheress the methoxy
compound reuchcs 80 per cent of saturstion in lecss than 10
minutcs. The rosults of thesc studiesz ere prescntcd in the
ucconpunying grophe The rote of oxygcenction wes nlso deter-
mined in puroc oxygen nt 26° ..t . pressurc of 8 psig using

the diffcronticl manometric app:ritus deseribed in Section

X, Purt i of this report; the oxygen-tion w-e 80 pir cont
complctc in 1 minute =nd complctely saturzted in 5 minutes,
It thus cppeurs thot the rote cof oxygenstion of tho cthoxy
eompound 1is r.thor indcpendent of th: tempirsture but gre:tly
uwffectcd by ch:nges in oxyg.n preosurce ot pressarcs cbout
uwtrtiospherie.  The rate of oxyg.n.tion in cir ot 5°, 14°, 30°,
-nd 35° .t stnespherie pressure vis ~1so determincd using the
m.nonctric r.tc apparstus {this rcport, Seetion X, P:rt C,
Subsection {2} )} :nd proeticzlly the sume results obt:oined

8 given in the :ecompr.nying gr:ph.

Sc¢ Svetion X, Port € for ¢ eomporison of the r- tes of
oxvgen tion of th:e ethoxy =nd othur compounds.

{7} Hygroscopisity :nd Dehydrotion of Di-{2-hydroxy=-3-cthoxy=-
sthylenediimine Cobilt, ‘hen Co- BT w:'s .llowe o
' BsoTb oXygen frecly from . ir it wos found to gein more then
theorctieul wcight. 4 cheek on the molsturc contcnt of such
e:mple which hud been stonding in oir having o humidity of
80-90 per ccnt proved thot the compound h:d cbsorbid 3.4 per
ocht wober cnd 1.8 per cent oxygen. On cxposure for 40 hours
to ~ir hrving o humidity of 27 per cent it :bsorbed 2.6 per
ccnt woter and 1.6 per ocent oxygen.

~ semple of the compound thtt h:d been =1llowed to ~boorb
wrter :nd oxygen frecly from oir w. o hevted in ~ir -t 115e,
in: lysis showed th.t ftor this trs fmcnt for sever-l hours thu
cormornd still econt ‘reod -imcet 1 par ccnt wotcr but no oxygen.
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Howoever, =11 of the woter we.s e.eily romoved ot 110° under
e voeaum or in a streum of dry nitreogen ges.,

The compound which still eoant. incd 1 per cent molsture
ecntinued to bsorb the theoretie: 1l 'mount of oxygen when
ploecd under prossurce in the oxygen bomb, Studies on the
effcet of molsture ccontent on the rate of oxygen-tion erc
still in progrsss.

0. 2-Hydroxy~-3-n=-propoxybenzoldchyde.

The compound 2-hycroxy-3-n-propcxybenzoldehyde is not
deseribcd in thce liter:ture but previous vork with the mono=
cthyl ether of pyroe: tcehol -nd the Duff reretion indie ted
th't this gener 1 mcthod eould be used to prep-ro the homologs
of Z-hydroxy-J-ethoxybcecnzaldehyde,

(1) Synthesis from C-teehsl. e-n-Propoxyphencl w s prepercd
from pyrocntcchol in the scme w. y th't 9-cthoxyphenoel wes

prepr.red, but with slightly smaller yields. (Sce Scetisn VI,
P.rt N, subscoction (1), crtiecle (a)). B

The o=n=-propoxy phensl w. s converted to Z-hydroxy-3-n-
propoxybenz: ldehydc by the Duff re cotion. In this procsss
the steum distill-tion wrs found to be impractic -l s2 the
fin.1 rci.ction mixture wos dilutcd with w:ter rnd cxtrocted
woll with cther. The compound w:s cht-.lned by distillation
from this ether cxtract in 15 pcr ecnt yiclds.

2-Hydroxy-3-n-propoxybcnzildechyde w-s found to be o
liguid :t room temperiturcs .né to hove o bolling point of
1359/12 rm. The density w:os found to be 1.118 (£ 250, The
refr otive indsx w.s found to be 1.546 ot 25°. The phcenylhy-
drazone w.s yellow, .nd melted -t 109-110°.

{2) ¢Condenscztion with Ethylencdimine, 2-Bydroxy-3-p-propsxy-
benz ldchydc w. 8 condcnsed with etEernedi*mine in on clo2hol
mediur: by ths usu 1 priccdure. A bright yellow, oryst.llinc
m.terl.l wis obt:ined, whieh w..8 recryst:1lized fronm zlechol,
lep.T 93=-04°; yield: quentitative.

(3) é ¢nzel)cethylencdiimine Cob-lt.
Di=-{2-hydroxy-3-n-propoxybenzellcthyloncdiimine ecbolt wrs
prep:roed from the Schiff's b-so by the usu:l -1k-1i mcthod

using cbout 30 per ecnt -lechel. The preeipltotc wes bhrown

~nd up:n drying under e vecuum -t 110¢ it ¢ rried 3.5 per cunt,
carrceponding to the thecreticel smount of oxygen. The dedxygen-
ction tcmpersturce wes found to be zbout 95°.

The eompound w.e found to be very hygroscopie. It beerme
gtlehy on exposure to elr. This unfortunnte char-cteristie
tv¢ -aPered pre-tly in the studics m-de on the m terl:l.




(4) R.te of Oxyge "
btnylunadiTﬁine Cobrlt. An -ttempt wes m-de tc dcterming the
T te of cxygen tlon _T_hi-(2-hydr~xy-3-n-pr“p xybenzel)ethyl-
sncdilmine oobrlt in - ir -t - tmospheric pressure by thoe grovi-
nztric methed (Seotion X, P-rt C, subscotisn (1)). Thc come
pruné preked in the tabe :nd -“ir could nct be dr:wn through

it repidly enough., The compound w.s then polletued, but severel
tri 1ls -t 20° feiled to give ocnsistent results.

The r.to of ox gan.ti n v .8 o182 dctirmined in pure oxygen
using the diffcronti’l monomotric - pp-r-tus, ~nd frund to be
the gro:test =f -ny o mpound hitherto studicd. It rerchcd 90
per ecnt s:turcticn in tvo minutes in pure cxygen. Sce Seotion
¥y Port C for these results.

Py, ,R,3,T,U,V,'. Voricus 2«Hydroxye3e«: 1k Xybcnzel-
dehydes.

The rollouing 2-hylr cxy=3=clkoxybenzoldchydes -re in
varicus stoges of preporcticn: 2-hydroxy-3-iso-propoxybenznle
dchyde, 2-hydroxy-ge-n=-butcxybonznldehyde, 2-hydraxy-3-sco-
butoxybenz: léehylc, 2-hydroxy=3- tcrt-butaxybnnz ldohyde, 2ehy=
droxy-o-ic ~butcx; benz. ldehyle, : -hydr”ty-s-n- nylaxybonzolics=
hyde, 2= hyur- xy=3=_1lyloxybenzzldehyde, nd 2=hydroxy-35-Be
cthoxycsthixybonza~ldehydc. The work on these conpounds hrs not
PTrOgresscd fur cnough te serr .nt detmiled consicdernticon ot
this tinc.

X. 2,4-Dihydroxybcnzrliehyde

Y. 2=Hylrcxy=4-nmothoxybenz-ldchyde

Z, 2,5=Dihydrcxybonzclichyde

The bove . ldchydes re in v rious stogoee of preprrotion.
The work cn these ¢ompounds his not progresssd for cnough nt
thiec time to warrent a nore detaoiled discussien of the work.




AA, Z2«Rydroxy-5S-mothoxybenzsldehyde

2=-Hydroxy=5-nuthoxybonz~ldehyde v.8 preparcd by the
Duff ronetion on p-methoxyphencl. Thie phenol wes syntheelzed
by tvio mothods, onc lnvolving the cetion of methyl ioiide
:n. the other dimethyl sulf:ste on hylroguinone in :n :lkrline
solution, The ylelds by both methods were 40 per cent,

The Duff re.ction on the pe=rethoxyphencl wre crrriod out
in sever..l smnll batehce, The . ldiehyde ste.nm 2istillcd e
« yellcw o©11: ri.p.: 4°. Yielé: 16-18 per cent. The phenyl-
hyCrczone of this zldochyde wns prspmrod .néd recryetillized from
-lechol -no from ligroin: nep.& 139.5° The Schiff's brse
of thie (llchylc ancd othylenedi:rminc w:-a prep:red.by eondena:w=
tion in :bsolutc ~loohol : ni w:.s obtiined cs .- cryet:llinc,
yellow n .tori:l, m.p.: 163°, Thesc two deriv.tives of thie
.lighyle hove nit bien roported in the liter:turc.

The eosbalt dcriv.tive of the Sohiff'e b se w s preper.d
by three difforent methods. In c:ch ¢rec . raed=brown come
pound w.s obteilncd, This m tuerl 1 w.s ho-ted in : vacuum at
various temperstures and then tested for oxygenhtsebeorption
by exposure to oxygen at 175 psig. None of the preperatione

oarried oxygen. Detelle of thie vork masy be found in Report
XLVII.

4Bs 2=Hydroxy-5-ethoxybenzaldehyde

2-Hydroxy-5=ethoxybenzeldehyde wes prepared from peethoxy~
phenol by the Duff reaction. The p=-ethoxyphenol used wee pre-
pered by the action of ethyl iodide on hydroquinone in elka-
line eolution u.nd also by the action of adlethyl sulfete on
hydroguinone in elkaline solution. Yields of about 35 per cent
were obtulred in these ethylations.

The Duff reasction procecded in the normal manner end ylelde
of 16-18 per cent were oSbtulned. 2-Hydroxy-5-ethoxybenzalde=-
hyde wes obtuined as s light yellow erystalline materiel; m.p.: 2
48-499, reported by Hentzsch {g.grakt. Chem.,(2), 22, 464): 51.,5°

The :laehyde wes condensed with cthylenedliemine in abeo-
lute alcohol, yielding e bright yellow compound; m.p.:/150-152°,
The cobalt derivative of this condensation product was prepared
by three methods. 4 red-brown product wes obtcincd in cuch
oaee; the sreparations Gid not carry oxygen either ufter hav-
ing been dried at 100° or heatcd at higher temperstures. This
work is described in detail in heport XLVIEIL:

AC. 2-Hydroxy-3-zsminobenzaldchyde
Sever.l prepartione of 2-hydroxy-3-aminobunzeldehyde were

mede by the reduction of 2-hydroxy-3-nitrobenzaldchyde (3=nitro=-
selioylaldehyde) with stunnous chloridc in concentrated
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hydrochloric aoid eolution. The 2ehydroxy-3-aminobenzaldehyde
wae firet 1solstcd ae tho hydrochloride of its tin ealt and

wae then converted to tho emine hydrochloride by hydrolyais.

£1l attempte to condenee thiam material with ethylenediamine
failled, Z2eHydroxy=-3-aminobenzaldehyds apparently reacted with
iteclf wa repldly ae with ethylcnediamine when the hydroohloridc
was neutrelized. Somas evidenot of the formation of thc Schiff'e
baec with ethylenediamine was obtained but none of the msteriel

could be leolatcd. Thie work is desoribed in detaill in Report
ml

AD, 2«Bydroxy-3=bromob.:nzaldchyde

A small amount of Z2=hydroxy=-3=-bromobenzeldohyde was
obtalned by the Gattermann deoomposition of the diazonium
8ult resulting from the treatment of 2=hydroxy=-3=-aminobenzal-
dehyde hydrochloride with sodium nitrite in cold, acld eolu-
tion. The aldehyde wus recryetecllizad from weter; m.p.:49.,5e
50°, reportcd by Muller (Rcr., 42, 3700): 49, The Schiff'e
bese of the cldchyde znd cthylenediemine wes prepored in the
usuil menner znd converted to the cobelt ealt by three methods.
The producte ronged in color from derk yellow to decep red-
brown. On high tcmpercture drying they did nct chenge color,
They did not cerry oxygcn. Detulls of thie work erc givan in
Report XLI.

AE. Aoetylucctone
aF. Benzoylacetone

sucntitica of acetylzmectone end bunzoylcoetone hove been
mzde =né oondensed with athylencdiemine by methods previously
dcseribed in the literature. Preliminery investigetions of
the propertics of the oobelt eompounds of these two Schiff'e
buees Lre boeing earried out. The work hze not progreeeed
fer enough c8 yet to werrent o detciled dlecuseion.

AGs Dibenzoylmethzne

Divenzoylmethene was prepared from bonzelsoctophenone
dibromide cnd sodium methylste cccording to the directiune
given in QOrganie S*nthoaes, Colleotive Volume I, 2nd Ed.,
pe. 205. e benzecleeetophcnone dibromide woe prepered by
bromincting benzulacetophenone. The benzolcoctophen:ne wos
prepaorced from ceetophencne .nd benzaldehyde by the mothcd

desoribed in Orgcnio Syntheeee, Cilleetlve Volume I, 2nd Ed,,
P 48-

.0 unsuoceseful sttempt was mide tc condensc dibenzoyl=-
meth:ne with ethylcncdicmine in hot cbaolute zlechol. 1In othor
cttempts to effeot the ccndensution, elcohol solutions of the
two recgents were rofluxcd for vurylng perlods of time; no
condens:tion wes effocted., Even refluxing in 96 per ccent
cthyloncdicmine followed by neutrolizetion w's of no aveoll,
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Ir othcr cttompts, borium oxide -nd cnhydrosus cnleium sulfite
were rdded to en alechol solution of the rerotants -nd the
mixture rcfluxed; cven these dehydr-ting ~gcnts f-1iled to
¢ffoet the condens:ztien. A sm:ll yield of ycllow necdles
w8 obtrincé which failed to disaolve in scdium hydroxide,
:n€ wni.lysis shiwed no nitrogen to be present; therefore, the
desired ecndensntion produect wos not obt: ined.

#He Formyloamphor.

The compcund formyleamphor ecntuins a keto group adjscent
tL an aldahyde group, and has been shown to enolizs yilelding
&n acid hydroxyl group which will form metal salte. In the -
encl form this struecture ia similar to thet found in the aro-
matie o-hydroxysldehydes. This cumpcund was synthesized snd
the c¢obalt derivative of ita Schiff's base with ethylenedio-
mipa wes prepered. The first step in the synthesis involved
the preparation of iso-amylfirmate by the esterificsticn of
isc-amyla.slochol und formic seld using dry hydregen chloride
as a eatalyst. 1In the seennd stcp, formyleamphor was obtain-
ad by the recaction of lgo-enylformate cnd cemphor in the
prescnce of metuzllie sodium using dry ethsr as n solvent, The
detalls of the work with formyleemphor will be fiund in
Report XLV, Seetiun V.

(1) C:indensation with Fthylenediomine and the Cobolt Derivetive,
The “chiff's basc of Tormyleamphor with ethylencdlcmline was
prepared using a hot methyl slechcl szlutisn of the tvo ¢-mpounds
This ccndenseticn pr:oduet was a light yellow erystolline materi-
al, m.p.: 215°, The ocbalt derivstive was pripared by the

uzual elechel methsd snd en crchid cclcored, erystelline materi-
al was Sbtklncd, which melted with doecmpositicn et 120-200°,
This compound shiwcd nc cxygen activity when asetiveted by the
usuzl mothuds,

(2) osondensaticn with c-phenylenadiemine ané the Cobalt Dariv-
ative. The formylesmphor wus condensed with c-phenylonedin-
nine by sdding = hot wleohol soluticn of the diamine to e hot
ulechel soluticn ¢f the Tormyleamphir. A yellow Schiff's bsse
wes cbtrined whieh wos resrystellized from 80 por eent mledhcl,
m.p.® 125°, The evbalt ecmpound wes prepsred using the sleshol
method and woe cbteined &s o dark brown cecmpound. This material
did not sbserb oxygen fcllowing sctivaticn by heating in s vee-
uur: at severcel tumperatures up to 170°,

A, o=iminubunzuldchyde

It wos decelded thet . possible substitutcif:r salicylil-
dehyd: in the preperczticrn Of Oxygen curricrs might be g-emino-
bjngaldchyde. PPciffer (J.prokt. Chem. (2) 149, 217, (1937))
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repirtcd thit o-uminibenzeldchyde yicldcd ¢ Schiff's basc

with cthylenedTomine -nd thet t.c lattir g:.vs cuipper =nd nickcl
derivatives similer ti the ecsrrcsponding ¢ompounds from sale
ieylaldchyde. o-imincbenzzldchyde 1s nct on the merket wnd

¢ scorch o the literoturc revecled thot the only procticsl lobe-
orctory method cof preperction is theot of Thicle -nd 'inter
(ann., 211, 356 (1900)}, involving the oxldcticn of genitros : o
tolucns to g-nitrobenzeléchyde .néd the reducticon of the lotter

to e--mincbunzcldchyde by forrous sulf:-te in o sodium enrbonrte
svluticn,.

Consideruble difficulty wos cneountered in eorrying cut
the oxidetloin of g-nitpotolucnc, & re:etion cuarricd cut in ceetie
ceid with chromlie oxide. The o-nitrobenznldchydedl-cetote wis
epperently hydrolyzad ond further oxicized. Tt wee found thot
by using redietillcd cectie rnhydride cnd nt cectie =e¢ld in the
prep.r..ticn the oxidation cculd be ecrrisi cut quite sotisfiot-
crily. Only zbout 0.9 g. of thc diceet-te his been preprred
‘né ws yet no ottempt hee been mode to hydroalyze nd rcduce
this m-.teri-1l. This wicrk ic being continued.

VII. Compounds of Structure Differcnt

From the Perent Compound,

D, Hext-cllylimine peroxodihydroxodicobrlt Trichloride

The ficlé .f the polynuele:r cobolt compounds, extonsively
worked by ¥Werncr c.rly in the present ecntury, offcers -n in-
triguing rcgicen for stucy in the effort to discover oxygen
eurrying chumiezls (nd to explsin the mecehznism of the oxygen-
e.rrying process of the enrricrs now kacwn. Unfortunctcly ths
literzture cf this field is b:oly elcoudcel with incorreet rnd
uneorrolited wurk cnd ¢ grect effort will be required to str isht-
¢n cnl orgonizc the jumbled mess of mitericl, Prolimincry
skirmishes into the £ic¢ld, both =t Colifornis ~nd &t Tows St-te
Ccllege, notrbly in the preporoticon ond testing of vertmrnn's
sulf-te, ¢i2 not immedd: tely ylold rorults of promisc,

~bout the cnly wirk curing the 1-st twenty five yerrs on
the p.lynuelc:r compsunds is th t of Buckn.1ll -n< *'nrdlow (J.
Ghem. Sce., 1928, 2648} ~nl of Fereiv'l .nc YWexdleow (J. Chenm
So., 1929, 1317‘ who prep: rot compounids ecnb-ining :11yl-mine,
propyl mite - nd benzyl-mine. These eompounds ecntrined peroxs
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bridgss cnn o lthough no suggestion wus mede th t the Oxygen
in thu c.mpounis might be curried reversibly thoy cppesred
wverth investig:ting. The - llylamine compound,
00 T
3C,HeNH, C5— OH —Uo 3C.H,NH, €1,
N g1

CH

Hex.-:1ly: minepcroxelihycroxodieobelt trichleriie
ppe roet to be the best ch rrocterized of the ecmpounds deserib-
el .n. wrs ceedrlingly preporsd one inveetig:ted,

The synthesie wos ¢ rried cut without “ifficulty follova-
ing th. dirceticns of Buckn 11 cnd ¥erdl-w, Repeated ettempts
vere nade to deoxygenute the matsrial at various temperetures
ané in = vecuun, but the peroxo group could not be expelled.
Heuting at higher temperetures ccueed slow decomposition of
the material with the evolution of allylemine. Although the
intermedicte bivelent cobelt compound formed during the pre-
por.tion of this matericl does not contain u peroxo group and
is e=pable of absorbing oxysen, it did not eppear to be worthy
of study in view of the stutement by Bucknall =znd “lerdlaow
th:t it is very unstable.

Although these results were net very encourrsging,
similur work should be repeated using triemines such as di-

ethylencetriomine znd 1,2,3-trieminopropane in place of erllyla-
mine,

X, Testing Apparetue

Age Abpuretus for the Determination of
Oxygen Cepecity.

a differcential munometrio device to determine the oxygen-
currying copeelity of compounds .t veriou: pressurcs end teme
psratures wus constructud, This apparctua, shown in the accom-
panying diagram, consists of £« row of 4 horizontanl chambers
suitcbly intcerconnceted. The ccentrel chembers B end © arce of
vguzl volun: of about 700 ml., the outer chambers, 4 =nd D,
ure of e¢qual volume of about 75 ml, Cheamber i is fittad with
& eorcw crp which mey be rcemoved so thet ¢ scmple of meteriol
to be tcetcd mey b pleced in n chimber on aoaltable bont.
Chombers A and D are Intcreonnceted through velves 5 cnd 6 gnd
m.y bc cvecuated through the pipe betveen valves 5 =nd 6,
Ch:mbors B -nd C are intcreonnectcd through voclves 1 cnd 2 and
m.y bc cherged with oxygcen under preseurc, thg OX¥ygcn prcseure
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boling mecsured by e geauge on the Oxygsn lins 6, The prassurs
in chambars B and C may be brought to the szme precsure snd
chambers B and C thsn clossd off from sech others Ths largs
chambsrs ere clso connected to ths adjacent ocutsr chambsrs
through velves which may bs opsnsd to psrmit ths oxygen to
sxpand from the largs chsmbsr into the adjecsnt, small chsmbsr,
Thet is; ths oxygen in B may be expandsd through valve 3 into
4, and the oxygen in C expsnded through velvs 4 into D, A
differentiel menomstsr is connectsd betwsen B and C. A8 the
material conteinsd in 4 ebsorbs oxygen, the pressurc of the
ga8 in A plus B falls below that in € plus D, end the prsssurs
diffsrencs is rscorded on the manomster, &8s will be secn from
the mathemctical dsvslopment given bslow the actucl prsssurc
within the appsratus is not involved in the dstermination of the
capecity of & materisl belng tssted,

The chumbers of this epperetus ere constructed of hexagonel,
bress bushing of sultable size, The chambers ere conncoted by
means of 0,25 in. coppsr tubing. The velves were especiclly
constructed of brsss with stsinless etcel nscdlss. The glass
mroometer was ssalcd to the copper tubing by a fused copper-
glses secl, The screw onp of o chembur hes s hoxagonal head and
is thresded about 20 threceds to the inch. The collrr which
actuzlly closes chember A is bucked up by s thrust ball bearing
such thut the collir doce not turn when the sorew ozp is tight-
snvd, The entire spparatus is suspended rigidly from the wall,
& wWell insuleted box scerving w¢ o constant tempirature bath,
is mounted on a4 hydreulic Jsck such thet it mey be roiscd up
about th. apparatus. The box is ocguippad with 2 0.25 H.P.
refrigoration unit :nd hes copper tubing wound sround the in-
gldo walls, .n wleohol-weter mixturc is pleuced in the box so
thag the upparctus can bo opereted at tumpercturcs us low as

The Bequencce eof manipuletions in the operstion of this
instrumcnt is us follows. 4 wslghsd sampls of deoxygcneted
matericl contrincd on e bozt is pliuced in chumbir - &nd the
secling collur, gubkct, ané serow oop put in plocec and tightsned,
The c¢ntire spperatus is immcrsed in & bath cnd sufficlont time
allowed for the apgperetus to assume the tempercture of the
bsth, Velves 3 ond 4 cre closed, Velves 5 wnd 6 cre opened,
chimb~rs 4 wnd D zre eveousted :nd thon velves 5 and & sre
clos.d. Velvss 1 end 2 cre opsnsd, chimbers D cnd C cherged
wilnh oxygen to ¢ preesure somswhot higher them the fin:l pressurs
&t which thc cepacity is to be dotirmined, ~nd vilves 1 and
2 tre thsn closed. Velves 3 nnd 4 ure then opensd simultcnsous-
ly :nd ocrefully to zvoid -ny prossure differentisl vhich might
force the morcury of the differenti.l monomcter into chrabers
B or C., Sufficicnt time is .llowed for the compound to be
complet:ly suturcted with oxygen :nd the differcnce in the
level of thc mercury in the m-nomoter is rosud. TFrom this
prescsure differvney, the weight of the sumple, tnd the prsssure
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dirferznce of ¢ blnnk determin:ztiocn, thec capcelty of the meoter-
izl is ocleoulated using the fellowlng foermula:

PORTTR. |
Per Cent Oxygen sbsorbed = _(100) 32 fﬂ?ffarb)ﬁéfk*ﬁ -
‘n

wherc
weight of simple
pressurce difference obscerved
pressure diff:ronce ¢bserved during blenk run
combinced velume of chimbers A =nd B

dcnsity of scmple {token #s 1.5 for thesc compounds)
the G:s Constent
the cbsolute Temperiturc.

Th: fermul. wee developad s follous, using the furthcr
definitions.

Voo VEo Voo ¥y volumecs of oh:-mbere &, B, C, tnd D re~
spectlively.

Voep combincd volume of ohombers © nd U

P 45 prcssurc in chombers . ~nd B whcen inter-
" connected {(velve 3 opon)

Posp preesure in chrmbirs € -nd D vheg intur-
conneeted {valve 4 open)

n_, &g, Ogy fp nupher of moles 3f oxygcn in ,,7,C0, ~nd
. D respootivily.

n, + ng aumber of moles of oxygen in : plus B
) when int.roonncoted.

ns + np nunmb. r of moles of oxygen in C plus D
vhen int-.reonnected

t the beginning valvoe 3 :nd 4 :To cloced, 1 nd 2 open ~nd
B nd ¢ ch:rged with oxygen, .nd, vilves 5 'nd 6 cpen tnd .
.nd D cvuouw. ted, Violves 3, 2, 5, w«nd 6 ~rc then clored +nd the
follewing conditions prevoil:

% = FBp {1 mm. or lese)
Pg = P, (5 psig up to 250 psig)

PV.= nRT :nd simil'r cqu tion for 3,8, ~ni D
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In a blank determinetion no compound ia placed in A end the
expaneion is cerried out. If the conatruction ware perfact
VA+ VB would equal vc * vb and PA+B - PC+D. Since thia is not

ectually the caee, ® slight preseure diffarance:&?b is ohteined,

Applying the ges lewa:
. (1) PA-!-‘BWA + V) - (nA + ng) RT
(2) PG+D(vc + vD) (nc + nD) RT
Subetrecting (2) from (1)
(nA + nB) RT (nc + nD’ RT
Y+ T

(3)AP = P, =P. . =
AvB™ LD
b n* ¥ c’'p

When en oxygen ebsorbing materiel is present, lat
moles of oxygen sbaorbed by compound

n, =
AP, « observed preesure difference

. then _

{2) PA+B(VA + VB) - (nA + n, - na) RT

(5) PC+D(VC + VD) - Jnc + nD) RT
and '

(n,+ng=n_) RT (n, +n,) RT
= - - AnB - M - c

(8) AP, Pie = Poep AER —r-

7) AP, = (ne+ng)n'r__(nc+nn)m'_ n, WT
ek = YVe* % Ty * V8

A B

introducing equetion (3)
n, RT

(B)APQ'M*W

Owing to the variation of the diameter of the copper tubing
the volume of chenber B ie not axectly equel to the volume of

chember C end the volume of A not eocuel exectly to the volume
Fortunetely, thia differance can be correctad

of chamber D.
without much difficulty es indiceted in the ehove mathematical

davelopment, .
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~8 will be seen from the above mathemztical znalysie,
it is necessury thet the combined volumes of ohambers A and B
must be known, This volume was determined by two different
methods. In one method the volume of chembers A pluc B was
deternined by expanding a=ir from chambers . plus B into a flask
¢l known volume, and measuring the change in the pressure of
the system by means of the mancmeter. The flask wes zttached
‘to the evacuation tube (between vzlves 5 zhd 6)s Valves 1,
4 and 6 were clcsed and valves 2, 3 and 5 were opened. Thus,
chambers A and B were connected to each other, to the flask
of known volume, ond to the menomet.r. The second arm of tho
manometar remained open to the :ctmosphere by way of chamber C,
valve 2, =nd the oxygen line. Tha volume of the sonneoting
tubo botween v:lve 5 and the flask was determlned independents
ly by & similaer mothod and its volume subtreoted in the dotere
minetion of the volume of A plus B z8 jJust dosoribved. The
volume of the flask itself was determimed by woighing it full
¢f wator. The volume of chembers A plus B was found to bo
779, 781, and 781 by 3 detorminations. These values mey be
elightly in error beccus:c of the ohange 1h the volume of
chambers A plus B as the position of the mercury in the mano-
meter ochenges; this orror has been dctermined to be less th
2 ml., und thus so small thet it maybe neglectod, -

The volume of chemburs 4 plus B was determinod also by
calibration of the cpperatus agslnst = sample of tho parent,
oxygen=oarrying compound whose ozpaoity hud been wery ocarelfully
determined by measuring the inorouse in wcight on standing
in pure, 4ry oxygen at atmospherio pressur: {in this easo
eaturation should not be msde with high prassure oxygon bicause
it wes found that after completo saturation, the ocompound is
still occpablo of absorbing & few tenths per ocnt of oxyg:h more,
possibly by absorption). The rosults by this check the rosults
of the first mathod within 2 ml.

This apparatus has mado possible the determination of tho
oxygch~ocorrying cepacity of the compounds etudied =t & vorioty
of temperoturcos =nd pressuros., 'Jith some compoumds those
determinations cen not bo medo im the usuzl menner inosmuch ss
the compounds frequently, lose thcir oxygwn spohtancously on
being romoved from &n etmospherc of oxygen and oun not therefore
be welghed sufficiently repidly to provent error. Alsc some
eompounds crc hygroscopic in neture snd onnnot be exposed for
weighing.

This apparatus was 2leo usod for the Seterminztion of
the rete of oxygenrtion in oxygen of oertein compounds, See
Part C below,.
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Be,e« Apparatus for ths Determination of
the Rats of Dsterioration,

Deslign and Constructlion of Roteting Drum Machins.

The primary objeetive of constructing thie type of apparse
tus for the detcrmination of the rata of detericration of
oxygen-carrying compounds was to minimize the temperaturs to
whioh the meterilal wae heated during the deoxygenation etep.
in the etationary bed type of apparatue, deterioration may be
ecceleratsd by the fact that the materiel in immediate contact
with walls of tha heating Jjackst 1s neceesarily hasted to a
higher tsmperature than it nsed be and thus remains in contact
with oxygen at elevated temperatures longer than necesscry.

In the rotuting drum machine, on the other hand, the mass of
matsriasl is oconstantly mixed and 1s hsoted only to the tsmpera=-
ture necessary to effeet deoxygenation,

Tha apparatus deelgned for thsse teste ie ehown in the
accompanying drawing. The apparatus oonelate of a drum (1)
of -bout 0.2 cu, ft. capacity, which rotatse within a jacket
through vhioch both steam (2) and wator (3) may be passed.
.ir is paseed into the drum conteining tho c¢ompound through
s hollow shaeft (4), the eir ontering the¢ shaft thro packing
glands (5). Tho exit air pascse through a filter (8) about
5 in. in dicmeter and then posscs out through another hollow
ehaft (7} +#itded with peciking glands (8). The puesage of ths
sir through the drum end of the watcr and etoem through the '
Jacket 1e controlled by solencid valves (3)=-(16}. The action

of the velvee ie controlled by a cem with sliding eleetrie
oocntacte,

The air entering the machine passes through a trap (17)
conteining brokon stono which is carried aleong mechanically
in thz air strcam, The eir then posses through a tower of
walnut eizo potaesium hydroxide and finelly through a tower
of magnceium perohlorate,

The @xit air aeecmbly consists of the hollow shaft (7},
packing gland (8), precseure geuge (19) and throo clectrioe
valves which eontrol the outflow of air (blead), vacuum (to
exhaust the residuel eir beforo dsoxygenation) and oxygen de=-
liV\.I‘y.

The heating and cooling jacket is connooted at the top
to tho stcam line, at thc bottom to the water line. Thoeo four
cutlets arc <quipped with <leotric velves., Both thc steam
and the watcr linos have mepually operatcd throttlc valvoes
in addition to the solsnoid velves,

The drive for the roteting drum and the cam consists of
a 0.5 H.P., electric niotor conncoted to .the eheft on the rotat-
ing drum by meane of a scri.e of eprockets and roller chein,
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in such a mepner thet the drum turns with the speed of approx-
imetcly 8 r.p.m. The timing cem is driven from the other end
of thc shaft by further sprockets, roller chein, &nd rcduction

gcar! 1t turns et the retc of sbout onc revolution every nine-
teen minutes,

The ecoonacnying dlugro:: shovs the uschline dn its first
form. Th¢ drive snd geer reduction mechenlsm of this machine
has beon sodificd, hut the essvntial feeturcs of the nachine
erc the same.

The seiuehee in the opecretion of this :wehine is given

in the following <cusoristion which cer b:ist be followcd by

neens of the cecompenying timing dlegram.

1. The overflow velv: on t ¢ hecting end cooling jocket opens,
connceting Jucket to drein.

2. The wutir velve onons slloving water to psas into the
hecting end cooling Jeucket and to overflow into the drein.

O« Thc bleed velve on the cxit wir lire opens. This velve
1s cqouipped with a hand operatod velve s0 thst th. flow of
the air through the corpound cun b controlled.

4. Thc air velve opcns.

5. Th.g. v:lvos romein opun for spproximitely 10 minutes,
during whioh tim. the motericl ox;genetes.,

6., The elr wnd wetir velves close. The air in the drum esecpes
tiarough the bleed velv: ¢nda 1s rcduvoéd to ctmosphsric
prcssure,

7. The drain valve &t the bottom of the jackot opens cnd
overflow valve clogsss. Ths Jucket 1s equipped with & check
v.lve which cllows th: cntrence of elr pernitting the weter
to drain from the Jjeckst.

The bleod velve closcs and the vacuum velve ovcns allowing
th. wir in the drum to exhaust in the vecuua tonk.,

The steam vselve then ozens :ac¢ ths vacuwa velvc closes.
khwout or. minute 1 ter, «fter the pressurc in the tenk has
riscn to necrly atuospin.ric heczusc of the liveration of
dxygon, the oxyzen vang opcnes ena oxyzsn is deliverzd.,
ATter about seven minutes the stoen, drelrn snd oxygen vilves
close ¢ni the cyele is completed.

The eyele as the i=chire his bocn operited, 1s epproximste-
ly 19 minutcs in length. The oncerction is entircly sutonctic.
It 1s only necessery to blow off thi zecumuleted watzr in the
icchoniecl weter remover daily end to blow off tho potussium
hydroxide solution from thu ciustie drier cvery thrie deys.
Ocoasionelly it is neeessurr to stop the operetion of the machine,
sonnect = nitrog.n t.onk tc the bleed velve, oven the blceod velve,
~né blast nitrogen into the drum to reriove the povder cecunu-
1: t<d on the filter.

Two studies of ths rete of deteriorstion of the nerent
oxyg:n-carrying conmpound znc one of the J-methoxy compound wnre
uade uEing this cpperuntus. The tosts ar the perent conpound
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did not yield ell of the date which was later Aesired concern-
irg tke rate of deterioraticon but 4id irdicete some precautions
which chould be observed in the operation of machines using
tkis materiul,

The first study indiceted very ranid initial deterioretion;
this wes undouhtedly due to the excessive rate of air flow used,
about 1 cu., ft. per minute, ahout e 800 par cent exceas, At
300 cycles, the air flow was reduced to 0.3 cu, ft. per minute,
en axcees of ebout 100 per cent; the rate of deterioration was
considerably less efter thia change. The air used in this
study was dried over anhydroue celcium chloride and was

usgd at 70 psig. The temperature of the cooling water was
15°cC.

In the sacond study the air wes dried over magnesium
perohlorate, the other factors being left unchanged, an excass
of 100 per cent of air being used. There was no eignificent
change in the rate of deterioration as a result of this chenre.

Unfortunately not all of the factors involved in the de-
terioration were appreciated when those studies were begun and
the lack of data and the changes in oonditions 4during the runs
vitiate tho significance. The conditlions were better standard-
ized in the study made on the 3-methoxy compound. ™his work
will bo found on p. 25 of this roport.

C. Apvaratus for the Detesrminetion of the
Rete of Oxyeeration

Nuring the course of the develoomont of this work, various
mothods have heen used for determining the rete of oxvronetion
of th: compounds under study. Priliminary dete of tho rrta of
oxygenation of n2w compounds is easily obtained by following
the gain in weight of the comoound on exoosure to air on e
watoh glass on the belance pan, When the rate in dry air,
in eir et higher pressure, or in oxygen i3 desired a more elabor-
ate mocthod is reoquired, Tor moasurements of the rete of oxygen
ot prossure from 150 to 1500 mm. and temparatures from -20°
to 100° the epparatus deseribed by Haéh, Harrison and ™iehl,
Report III, is probebly tho best yet deseribed. In this ennara-
tus the metzriel was plac2d in thin lavors on fins which ouickly
conducted eway the hert of reactlon, and the rates ohteined
are probably 838 n2arly isothermal as have yat bzcn rezoorted,

The seneral method of determining the emount of oxyg~n ebsorhed
by direct volumetrie mcasuremsnt of the gas ehsorhed, connot

be used with air since the lattzr must be circuleted past the
compound 128t the oxyrenation ho stopped hy the accurmiletion

of nitrogen around the compound, Two uapparetus feor detarmiring
the rate in air aro descrihcod below in {subscetions (1) end (3)).
The first involving the meesuremont of the inercese in welrht

of the meteriel on oxysonation end the secord the deerease in




- 53 -

pressurc of ¢ largse volume of air in contoct with o relotively
smell tmount of materiel.

The mothod of dotermining the rote in oxygen described in
subscotion (2) is cssentislly o very simplified niodificetion
of the earlier cpporatus of Hach, Harrieon ond Diohl ond hes
bean used to obtein rougher messurcmcnts with oxygen contoin-
ing verious enount of moisture. The differenticl manometric
dcvico deseribed ebove in Pert .. for the nersurenent of the
oxygon-currying cepacity of the eompounds hes bech uscd for
neesuring the rete of oxygonution in pure oxygen. Although
ths ehembers of the opparatus cre of bress end the boct carry-
ing the mrterial of tin, it is not oxpected thet the hoot of
oxygenction was currica zwry vory rupidly. The ret:s obtoined
ere therefore not strictly isothermsl. They crc, howcver, rc-
rrodueibls cnd indiective at locst of the weriation of reteo
with prcssurc. The rotes of oxygoenmtion of the prrent compound
tnd of dli-(3-chlorosulicylecl)dinropylenetriemine cs detorminsd
in this monner cre shown in the vecomponyving dicgroms. The
cffoet of tcmpercture on the 3-chloro compound and- rlso the
final degroc of seturction is rcedlly cppercnt.

{1) Grevimetric Method. This nethod of determining the ruato
of oxygecnttlen of en oxygen carrylng compound was corried sut
in the following mocnner: [ weished . swiispla of the compound to
bc tcsted wus deoxygeactcd in o vee.um et 100°, cnd rllowed

to eo00l in ¢ vemeuun desicortor., The scmple wes tronsfsrrcd
guentitetively to ¢ elesn, dry U-tube end the onds wcll pmckcd
wlth gliss wool to prevent the loss of compound. The s:mplc
wes ~gelin deoxygencted by olecing the tube in o boercker of hot
weter ¢nd presing dry nitrogen throusih it. The tube wes wiped
dry vnd cllowed to stcnd in the belenec oose to essume room
teppercture 2nd then weighad using ¢ slmiler U~tubs &5 ¢ trre.
The wcighed tubo wus then i:mcrscd in o berker conteining c
liguid both et the tonperature ct which the rote of oxygenatien
wrs desired rnd sufficient time cllowed for the tube cnd contente
to zttein the tempecroture or the both., Thermte of oxygens=tion
w.e dctermined by pessing o strern of dry nir through ths tube
for definitc periods., The stopcocks were than elosed, the

tube wipsd dry, brought to room temperctur:z rnd weighsd. The
cir wis dried by prss ge through r tower filled with mognesium
perchlorete. The most seriocus difficulty with this mecthod ic
the inubility to obtein =n even cnd reonid flow of rir through
thc tube =zinee the oxygenecrrrying compounds rre powders which
repidly plug the gless wool pecking. This difficulty wes not
cnecountered in the rote dotecrmin-tions reported Tor the methoxy
compound, Suetion VI,, Prrt B,, subscction (8) of this report
sinca this mctericl weos more crystolline in eborneter,
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(2) olumctric Mcthod. The gravimetric mcthod, dosoribed
ebove 1o suSseot%on (1), for dctermlning the rcto of oxygeno-
tion of the compeounds under study wes rcthor tedicus to carry
out cnd subjoet to ccrtcin discdvontzges, The following volume
ctric method for determining the rote of oxygenction wee clso
used clthough it could eonly be cdoptod to mucsuring the rcte

of oxygeoanntion in pure oxygen. Ths cpparctue is pictured in
the necomponying drewing. Tho U=tube was filled with o weighed
ecmplo of tho compound. The scmple wee then dcoxygcnated ecnd
cotiveted by immorsing the U=tube in o both maintzined et 120°.
At the ermo timoe a strosm of dry nitrogen wcs paeecd slowly
through ths U-tubc to swecp eut the oxygen snd wator. A4S soon
&8 the deoxygenntion end cotivatien wes complete, in ecpprexi-
metely 15 minutes, the stop coocks ontho U-tube wore ¢losed cnd
the U=tube inst-lled in the roto cpooretus., Ample tims wrs
r1lowed for the eompound to eome to the tempercture of the
bocthe Then the U=tubo cnd tezin up to the oxygen tonk was evocus
tted. Ths burst wcs filled with oxygen from the oylinder.

A sglt solution wos ueed os retsoining liquid in the buret se

ne to glve the oxyg:n contcinod in it the desired humidity.
hen the evoouction wos complete, the veoouum pump wes stepped
cnd the stop ¢ock on the U-tubo wes eolosed. Theon the stop cock
on tho burct was turncd in such ¢ mznner s to cdmit the oxygen
to the U=tubec. The leveling bulb wes s8¢ hondled thot the pros-
surc f thc oxygen rem- ined rs desircd through the run. Buret
rc: dings wore token ot timed intorvels ond from the volums of
oxygen cheorbed rnd the welight of the scmple, the wulght per
cont of oxygen cbsorbed was ¢rlouletod.

(3) Egngggtzic Mct%ad. Owing tc theo tediousness cnd prcking
troubles enoountorec n determining the reote of oxygenoticn

of the vurious eompounde in cir using the grevimetrie methed
described chove, th cpporectus was dovieed for mer surlng these
rctes whioh would overeome these difficulties. This method
involves the mecsurcmcnt of the drep in pressur: of on cneloeed
volume of cir to which e scuple of the cxygen-ecrrying mntoricel
is oxposed. The cpporctus is shown in the rccompenying plote,
The cppecrctus consists of v woll ineulcted, dcuble welled con-
t: iner cloeecd by ¢ rubber etoppuer becring ¢ stop oock ond tub-
ing for ecnneotion to e monimeter. The ecnneotions ~rc mnde
with floxible rubber tubing so thot the ocatcinor mey be sheken,
The menometer is en open crm, inelined, wetcr monometoer. The
s-mple of the compound under investigcticn is woighed into o
thin wclled vicl, the vierl surrounded with : heavy leed ocllar,
zné the visl ploeed ecrcfully in the oontelner. Brine et tho
dssircd tempcraturc ie cirauletod through the Jroket of the
eontaincer. The double wclloed econtoincr is then cveounted cnd
oir =t the deeired humidity is rndmittod. Thc stopper ie thon
oleced sn the eont:insr end the eppurstus is cllowed to stend
Tor sover 1 minutes with the stop ouck opon, in oréer thet

thc vicl end its contents moy come to the tomporaturc of the
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container, The stopeock is then elosed end tho cpperetus
allowsd to stand soveral minutes mero, If the menometcr remeins
steticnery, tumpornturc equality of the Jeoket mnd oontents may
be eseumcd and the determinntion begun. Tho conteinor ie

sheken vigerously to breck the vizl. ©low sheking is thon con-
tinued in order t5 kcep the scmple in good eontrot with the

air in the e.ntziner, Pressure rocdings are tsken on tho inelined
woter menometer £t timed intervele. Sinec the vreesurc of the
pir within the double welled contciner ie effcoted by chonges

in tempereturc of the brine flowlng thriugh the Jocket, it ie
nceoesecry to detormine the tempercture chonges of the brine
during = run cnd to meke corrceponding prcesure corrcotions.

onc degrec tempercture chcange of the dbrine will cruse ¢ 80 mm.
echcnge on the inelined wet.or meonomct r if the letter le ine-
olined ot 25°, The tomporaturc c¢f the brine wee determinsad

t& the necrost 0,05° by pleoing ¢ thormometer gredustod in t.ntha
of £ degroe 1n thce dischergoe bdrine line.

The wolght per eent of oxygen cbelrbod by the s~mplc is
eclculetod from the proseurc chenge in the contciner, the size
of the ssmple, thc volume of the oontriner rnd the tcmpercture
ochoage of the brinc.

The oont: iner is quite lorfe (8.5 liter) cnd ths size of
the scmple guito small (3 g.} s> thct the chenge in oxygen
pressure due to cbsorpticn If oxygen ie small. Sincc the

ressurc drop in this opperctus ie cnly spproximctuly 3 inohss
gn weter, on inolined wetor menometar wes uscd in order to

ssoure suffliciently large monometer rocdinge.

Tho cpperatus wes gquite acey to osperctec end geve good
rosults ce evidenced by the frnet that perfoot ogreement wos
found with two reto ocurves which were ¥un on Co=0x M by the
woighing mathod,




XI. Ciroulating Solid Apparatus for the
Manuteoture of Oxygen.

A4 Objeot and Advantegee Of Ciroulating Solid ipparatus

Among the various types of anparatus which may be ueed
for the recovery of oxvgen from the atmosohare bv meane of
oolid, oxyren-carrying materiale, the t'ne of movarstus in '
whioch the golid material eirculatea centinously *rom the
oxygenation portion of the aoparatite to tha Aeoxveenation
portion and back 1e particulerly intricsuing, Such a
circulating solid aposretue was descrihed by Fech and Mokl
Reooort 11T, using the pcrent oxyren earrving comoound, disei-
icylalethylanzdiimine cohalt, Tha oxvTanation of disalicvisl-
athylenediimine cohalt must ha oarried out with air at
approxi~atoly 10% psi preossure in order that the oxvrense
tion b2 effectad in a reamsonahble length of time., Tre
deoxygonation must, of coursna, be carricd out at essentially
stmospheric oressure in order to minimizo the deterioration
which might bo unduely ancelersted at slevataod temperatures;
it 13 aleo nceeesery to include an ovacuatlon eteo or a
flushing procesa at atmosnherio nressure to remove the reei-
dual air loft in contact with the oxyganatod matorial. Thus,
it 1o ncosesary to tranafer the mat-rial from a r2lativoly
high pressure to 2 low prcosure and heok. The anneratue
Juat rofarred to utilizod a rather comvlioatod "locking
devioe® to effoct this transfar, and, although the dovice work-
ed, 1t waa at this noint that the oiroulating solid aoparatus
gave tho moat dirriculty,

The dlecovery of di-(2-hydroxy-3-methoxybenzal)ethylene~
diimino cobalt, heroinafter deeignated as Co-0x ™, the davolop-
mont of whioh ie deacribod in eeotion VI,, pert B, of this
report, again dir.ote attention to the eirculating s0lid
type of apparatua, The ratz of oxyrenation of Co=0x ¥ i=a
approximatoly twenty times thet of tho oaront comnound, This
groatly oi: plifies tho conatruetinn of a oiroculating solid
typo of aoparatus in that tha looking doviecs may be made
much aimpl :r,

Tundementally, tho oiroulating solid spnaratua hss certain
sdvantages over betch type apparatus in whioh tha bed of :
material fe stati~nary or le tumblad or mixz2d. "h~rec is no
mase of metal (tank or heating and ocoolings *ina) whick must be
alternately hoat@ad and ceoled, and trus there is a saving in
tha haat and codling r2ouirad ard in th2 time that !a taken
to hrat ard sool the mass of matal, The statiohary or mixing
dstoh typee of apparatue also rocuirs time for *lushing or
evacuating tha reaidual air and as will be s2an in tho aoosrstus
to be doseribcd, thie fluehing oan bo asaomplishad in the
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airoulating aclid mechines withcut appreclabla loss of time, -
The airculating solld apparatus affords a continucus delivery
of oxygen and alnce ths hseting and cceling mechanisms cper-
atea continucusly, thsy cen be built smaller then in ths appsra=-
tus where they functiocn only a pertion of the time,

The principal disadvantage of the circulating sclid typs
of apperatus is the denger of explosion ocaused by sparks dsrivsd
from cocntact of meving metal parts. In an etmoephere of oxygen,
Co~0x or Co=-0x M, ¢an be ceused t¢ flash when 1gnited by a
spark or red heet, and If enclesed such a flesh can causs con-
siderable damage. In cny circulating sclid apparetus this
hazard must bs considered and any poasibility ef nroduclng
sparks in the epparatus eliminated.

B. Dpescripticn of the ~pparatus,

(1) Mcde of Operaticn. Ths easentiel charactericstica of the
circulating sc epparatus tc be dsscribed sre, firat, that

the oxygenation and the decxygeneticn of the c¢xygen-carrying
matsrizl ers carried cut in seperete chambers, and secend, that
the decxygenatien is effectec et & slightly hishsr prsssurce than
the oxvgenation. Ths Co-0x M is first coenveysd throuzh the
oxygshation chamber, where it is cccled and oxpesed toe air,

is than transforred to the decoxygonetion chamber, wvhere it 1la
heatsd end where it rolcescs its oxygon, and i1s then transferred
bock te the oxygenatien chember. This iz shown schsmatiocally

in Fig. 1 of ths accompanylng drawings.

The aclid, oxygen-ccorrying mnt-rirl is mov-d hy a svat:m
0f scraw conveyers which tranafsr the materisl eontinously
around the svatem. The opparntus was dsailgned tec coentrin
ebout 75 pounds of Ce=0x M, tc circulote this mat~risl once cvery
15 minutes, and te gonarnte a contincus flow of ahout 100 ou Pft.
per hour of cXygen of 95 por cent purity,

An 1lmportant pert of this apoeratua is the methed hy whieh
the sclid material is trensferred from the exygonation chamber
to the decoxyeconation chamber and back again without sariously
ocnteminoting the oxygen produced. This is nccomplishad by
meinteining the cennceting tubes complotaly full ot thh .meli4d,
exygen~carrying matorial and meinteaining the pressure in the
deoxygenrtion chomber slirhtly above thet in the oxvesn~tien
chambor. This eeuscs e flow of oxvesn threush ¢ norous, mere or

less compactced mess of the oxygonecnrrying materisl whi
the air from the mass, e ying 1 which swosps







As will ba saon from tha curvas given aarliar in this
raport for the rata of oxyganation of Co-0Ox M tha optimum
tomparature for oxygonation of this material is ahbout 5°. Tiis
means that mechanieal rafrigeration 18 renulred for cooline
the oxygenation chambar. In order thet the tranafarring de-
vices mentionocd work oroporly the daoxygonation mist bhe
nffocted at a slightly hirchor rressurs than ths atmospheric
prascure at whiech thz oxvganation is carrind ocut} this
renuires a torparoture of ahout 75°. <Sevaral scheomes heve
hacn 1used te affaet this h2oting and conlinga

{2) dsnoral Construction., As shown in Tip, 2 tho oxypenation
and decoxvronatlon chamhers consist of two sor.ow conveyors
operating in pipeca parallol to each other ond inelin=d in
opposito dirsction., These pipas ara 9 in. inh diameter and
approximately 8 ft. long. They eres connacted to each other

at oach ond (soa Fig: 3} by pipcs conteining short screw
conveyors. Tho flow of s0lid; oxyren-carrying materisl is
indicoted in Fig. 2 by orrows, thce material moving uo tha
inclinzd4 slopes of the oxygenotlion and Acoxygcnation chombara,
The four scraw conveyors aro drlven by a sultable system of
»rodueing gaars, sprockoats, ring zeers and chains sas shown

in d=tail in ¥igs, 2, 3 and 7, Tho rate of rovolution of

tho screw convayers moy be vorled from 4 to 100 r.p.Mm.

Air enters the exyrenation chembar at ita uprer rnnd, passes
down througch the chamb r countsr to the flow of Co-0x M,

ond posses out through tho larse alr filter shown., Mre oxyean
livtcret~d in the deoxygenotion chamb r posses through a lorgs
oxygen filt:r and out through th: valve 1indie-tod,

The epperatus was originelly desipncd to opereto sntirely
on elaectriec rover. Difficulty, howevsr, was sxperioncod in
obteinirg suiteblo 2lecetrie hooting wire, and during the interim
in which thc heating wire waa not cvaileble the apnarntus
wns changed to onsretion by e gasoline areine from which heot
could ba obtrinasd to affaet the daoxyeonation. The detalls
of thz power drive in cech erse sare stown in ™igs. 16 snd 17,
The gesoline eneine uszed was & 6 H.P. RBRrigzs ond Stratten
{}*11wnukec) motor, cquippod with a pulley elutoh. “"hen operated
cleetricenlly a 0.5 H.P., motor wa3 used to drive tha conveve
ors. ™o oxyranation end dAcoxveoanation chambors are nrevided
with maans by whiceh they con b2 cenle2d opd Rostad rasneetively,
Tre antirs enparatus is mounted on ¢ wood olatform and is
auitahly bresocd by steol supports.

The dz2talls of tho oxygenation cherber snre stown 1n ®ig,
4, Tre oxvgonation pipo end the jfrnekct surrounding it oro
construetad of 18 g=, shcot ste2l with o w2ldcd sesm. 2 bress
bending is hrezod cn the seraw conveyor ovor ita entire edga,
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where it might possibly come in ocontact with the steel pipe.
Eight thermocouples, placed at intervals, are carried on the
conveyor; the leads project out the lower end of the hollow
conveyor shaft, and mey be connected to a potentiometer when
the sppraratus 1s stopped. 4 narrow plate 1s welded between
every other flight of the conveyor in such a menner as to
asslst in mixing the materiel as it moves slong. The Jacket
surrounding the oxygenetlon chamber 1s divided into two portions.
The upper jacket contalns three sets of 0.5 in. copper colls
through whloch e refrigerant 1s passed. The Jacket is surround=
ed by a 2 1n, layer of rock wool insuiation.

The deoxygenation chamber, shown in detall in Fig. 8,
likewlse consista of a steel pipe of 18 ga. sheet steel with
welded semn. It ls aurrounded by a Jacket through which steam
or hot water mey be peased. The conveyor carries threa thermo=
couplec end mixing hlades. This Jacket 1s also insulated,

Direct contact of the converors with the plpe 1s avolded
and to insure motion of the meterlel a brush prepared by twist-
ing looped binder twine 1in beling wirs 1s attachad to the outer
edge of tha conveyors over their entirc length.

The various components of the apparatus are Joined together
by meens of numerous flanges so pleced that the component parts
of the apparatus can bo readlly dlsmantled.

Opcn arm nanometers ure placcd at each opd of ths oxygena-
tlon =nd deoxygenation chaubers to indicate the pressure with-
in the epparetus et werlous points,

(a) air Filtors. To effcot the oxygenation of 75 pounds

of Co-Ox M during a rilnute 1lntervel requires a quantity

of air of about 15 cu., ft. per minute, allowlng ebout 2.5 timee
the theorstisal amount of eir requircd, From pruvious expoer-
lences 1t wss kaovn thet a fllter of very large eres viould

be required to thoroughly rcmove the fine, dusty, oxygzin-carry=-
ing matcriel from the air stream, It wes alao knovn that tha
conductivity of thc fllter decroased es the filter became .ccked
with the matoriael., Experiments, howower, indleated that thore
was £ ssturation polnt beyond which the conductivity of the
filter no longer decroesed with inercasc ln the thloknesa of
the cakeo on the filter. The filtcr for the alr strcam wes
designed to have a flltoring area of sbout 30 sp. rt., e valuc
which secmed lsrge onough 80 thet the required capacity would
bu meintalnod regardless of the amount of ccke on the fllter
¢loth., The filter on the oxygen stream was made smaller es 1t
nooded a espsolty of only 2 cu., Pt. per minute, Dctalls of
these fTlltere arc shown in Flgs. 9, 10, 11, 12, end 13. The
filters ecre mode of & vory tightly wo.en eloth (ticking) support-
od by a suiteble errengonent of wire cloth ond scrcen.
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~8 Btetod beforo, it is ossontisl for the copcration of
thc apperotus thet thu pressurs in the dooxygcnotion chamher
be 8llghtly higher than thet in the oxygonstion chember. This
pressurc difforcncs controls the purity of the oxygen produced
end the loss of oxygen through the oross augers. In order to
meintiin on obsolutely constent pressurc in tho oxygonetion
chember, cvon though the conductivity of the residucl ges dise
charge filter ochenges with time, the rir is oxheustcd from
the residucl gus filtir instesd of being forood into the
oxygonetion chombur by ¢ blower. Thus, the prussurc in the
oxygcnetion chamber 18 -lways ot epproximately ctmospheric
prossurc. IXxpericnec, however, leter indicnted thet the changs
in pressurec drop coross the filter wes insignificent cnd thet
it is cquilly satisfootory to blow the cir throush the opperae
tusy Tho pressure in the deoxygzencrtion chrmber is controlled
by o throttle vilve in the oxygen dischorg: line,

{v) gcgtigs cnd Cooling. ' .5 stited beforc th:z epporctus
wes initicIly designed To operate ontircly olcotricelly, and

it was pronoscd to hect the deoxygenstion chamber by oleotrie
hscting wire (250 ft. No. 6 B. £, gsuge Chromel wire, operating
on 220 volts, supported on sstotite Tisheanine insulctors)
woand cround the oh-mbor, Beouuse of the delcy oncountered in
ssouring this wire, o Jjookust w:s plroed cround the deoxygenation
ochember so th-t stecm sould b pesscd through it. It rclso
cppecred possible to mcke the capperrtus entirely self-contnined
by opercting the cpperctus by c gosoline cngine cnd it appecr-
¢d possible z2l1lsp to sveurc the requircd hert by utilizing the
oxhuuet guece from tho ongine. A hect exohnnger snd weter
oirculcting pump were plcocd on the cpperntus.. It wes found
howevor thet thore was not sufficient hont in the exbrust from
the engine to hceut the wetcer reguired) edout ten gallons, sbove
60°C. It wes folt thet thers woe suffielont hert corrled cway
by the cooling ..ir passing ovor the hecd of ths Briggs and
Stratton cngine to hove been suffielent to supply oll of tho
heet required. It might bo possible, thercfore, to scoure 0ll
of th. hcot neovssrnry by using & woter cocoled engine ¢nd oire
ouwl=ting thy rcdictor woter through o hect oxchrngor to securs
furthor he.t from the oxhaust goses ené to then oclroulets it
through the Jrokct cbout the deoxygenrtion chrmber,

Expiurinents with whoat flour indiccted th-t 1+1ith stecnm
passing through tha Jacket there wes sufficient hect trocnsfor
to clevete the tompersturs of tho flour from 5° et the inlot
ond to 70° ot the outlot cnd,

In ordcr thet ths Co-Ox K oxygcncte in ¢ suffiolently,
short pcriod of time, its timpcratur. must be redused to 57,
the optimum tump.retur. of oxygenction., Thie is lower than cen
be obtained vith ordincry cooling water end therceforc refrigore=-
tion becom:® nooesscry. It cppsercd more cconcmicel ot first,
however, to usc cooling wetur to rcmove a large portion of tho
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huet nnd to completu the cooling by refrigerction. The jmcket
gurrounding the oxygonction ch..mber wes thercforc constructcd
in two scotions, Through thc lower scotion cooling wrter wes
pessod, A totcl of 150 ft. of 0.5 in. coppor tubing, in

three cqucl scetions wi:s wound cround the oxygenction pipe
within the upper seotion of thy jeoket. This ocopper tubing
vad wound in thruo units so thnt the refrigeretion 1icuid ocould
be oxpanded in ecch. The jJoekot wes filled with ¢ 50=50 aixturc
of weter cnd cloohol, Experiments with whent floyr indiocted
thet flour c¢ntering the oxygenction och-mber ct 70 woe oooled
during its poessge through the chembor to rtout 5¢ if the flour
remcined dry —nd moved frooly clong the tube. During tho cerly
cxperiments lazks froquently developed in tho cpperoctus cnd

the flour becrme wet cnd oortcd the chember proventing sdsquato
hect trensfer. It is thercfore ossconticl thet the spperntus

bo opcrctod éry. This must chbsolutely be the oconfe whon Co-0x M
ie uscd since it is roundercd incotivo by moisturc,

Tho rofrigoritor uscd vies & 0,75 HoP unit contzining
Freon=-12 as the rofrigerating liquid., The, tcmpoer: turc of the
olochol mixturc in tho jJocket w-s rcduccd to =254 when the
apparntus wes stotionsry, und resc to -185° when the -pprrotus
wes 1n operastion.

(o) Trcpsferring Device. The tronsfor of Co-Ox M from
the oxygenction td‘%ﬁg gEEkyccnztion chtmbyr must, of course,

be mode with tho minimum o-rryecvir of cir. The temper:sturss
oroveiling in the oxygonctlion nnd deoxygenttion ohrmbers nro
such thet dcoxygenstion is -ffootcd ot ¢ slightly hizicr
pressurc theon the oxygenntlon. .. strocm of oxygen, therofore,
clweys flows out of the sxygenntion chembsr ond use is medo

of this oxygen to flush swny tho air ocrriad with the Co«0x M
s it is transforrcd to ths dooxygonntion chimbor ond to prevent
cir from cntering the dedxysmcnction ohimber whon the mterisl

is trunsforr.d from the deonygenction ch-mbur to the oxygenc=-
tion chomber. Detoils of two models of these transforring do-
vices or oross cugers ory shown in Figs, 8 rnd 7. The first
modcl, shown in Fig. 6, wos not ontircly sctisfaotory. It ocon-
sistod of thc horizont-l cuger -nd cn inclined tubc &8 shown.

4 lecthor flop wrd pliced in the inclined tube to retird the
flow of Co-0:x M. Thus the pipo g couplotely snoloscd by the
lecthoxr flop nnd thoe ocke of £951id matericl bsnarth the flep.

4 8m-ll cmount of oxygen flowed from the dedyxgenotion chrmber
through the o:ko of sollid meturicl into the dxygen: tion chrmbor.
The dosign shown in Fig, 7 wos very sctisfootory. The sorow
conveyor wes mode considercdbly shorter rnd the cuger plpe
lengthoned by the insertion of - 'sleéeve, 4 lonthir flrp,
srcller thon thet in the first modcl, wes plceed cbiut midwey
potween tho end of the :user cnd the dlschorge ¢nd of the slecve,
A cylindcr of solid matericl wrs prigsced bencith the flrp end
out the disch:rge end of the sliove, from which it fcll, inte
the oxygenntion or dcoaxygenrntioe chomber, rospectively. This
device wrs found to be frec cf cny tendency to plug.
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The effielcney of this tronsferring device wes tested use-
ing whaat flour to imitete Co-Ox M. . tast was made to deter=-
nine the combined loass through the closed augers as e funotion
of tha differance in prassure batween the oxygenation and de-
oxygenstion ocharbers., i gus holder wsas filled with oxygen
ond was oonneotad to tha daoxyganation chember, The pressure
in tha system wes regulated to e desired valua, tha conveyors
wara driven, moving the flour through the machine, and the
losses wara cbeerved by the lowaring of the celibretad gas
holdar. GSuocassive runs were made with oxygen prassures from
1,5-6 in. of wetsr prassura. The results ara givan in Pig. 20.
.. 8aoond tesat was made to determina the emount of air carried
into the deoxygenstion chamber with the flour es e funetion of
tha nioseura differences betwaen the deoxygenation and oxygane-
tion ohambars, .. massured flow of oxygen wes passed through
tha deoxygenetion chember while the machine wes running. Yhen
aquilibrium conditions hed baen recchad, a semple of theo dis-
chergo oxyzen wos taken and enalyzecd. From tha rete of flow
end tho comnosition of tho dlscharge gas the amount of eir
carricd with the flour inte the daoxyzenation chember was do-
termined. & Beériece of runs warc med2 with prossure differcnces
betwoon the deoxypcenation sné oxgenation chimbirs from 1.5-6 in,
of water prossure. The results are plotted in ®ig, 21,

LAssuming thrt thoe rachine was producing 150 eu. ft. of
oxygon per hour, ostimetcs wero medes of the purity of the oxygen
to be produced as e funetion of the differchee in pressuro bee
tweon tho oxygoenetion end deoxygonetion ehembers.

Teble 1. Oxygon Purity Estimatos
(Assgming 150 cu, rt./gr. produotion)

Dirfercnoe in Purity Loss through
Pressuro Cross ugers

6 in. water 99.4 nor eont 10 por oent

99.2 8

4
2 26,0 4
1 98,9 2

.lthough thc oheracteristics of whast flour are not exaotly
those of Co=0x M it wus felt that theso calculations wero a
roliabic guide to the ».rforuencs of the apparatus. .8 wili
be scon later this was justirfied,
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{d) Prier. Ths air ontering the apparatus passss
through a tovor of walnut size potessium hydroxids. The dotails

of this drier are shown in Fig. 18 and 19. Tho tower consists
of a ptcol drum 5 ft. in helght and 18 inches in diemetsr. The
notassium hydroxide is supportcd on a perforetcd iron plato end
is covercd by a layer of gloss weol uhich filtors out any pot=-
c8siun hydroxide whioh might be carrlied by the air stream.
Following thc potassium hydroxide tower is o socornd towsr cone
eisting of o sticl drum 3 foot high and 12 inches in dismetor)
c¢harged with anhydrous maghosium perchlorate.

This combination ond gquentity of potessium hydroxide and
magnssium porchlorate 1s suffiolent for drying approximatoly
20 ou, ft. of air per minutc to an sxtent whieh is satisfactory
even with such a hygroscopic material as Co-0Ox M.

{3) Opsratior. ond Modifigations of Or gl Dosigpn. Ths appara-
tus was first p uce% In operation July §3, 1942, Prior to
loedling the oppzrztus with Co-O0x M, 4dry sir wes suoked through
the appecratus to sweep out moisturc, The compound was than
introduced by romoving the oxygsn filtcr snd fooding in ths
80lid cs the conveyors rototed. Lfter scfriclont timo for

the solid to huve mede « camplote e¢ircuit through tho appara=
tus, no oxyrch hod bzen produced. On inspeetion it wes found
thet the first third of the metceriel which hed passed through
the =pperatus hid turnod yollow indicoting that the materisl
had absorbod wat.:r. This wetur wes assumed to heve ooue from
condensrtion on the inncr wall of the oxygenution chembur,
this chcmber heving bsen coolod by rofrigerction bhoforo swoap=-
ing tho apparatus with dry clr. This hydratcd matoriel wos
rsuoved cnd operation carried on with the remeinder. Oxygon
wes produced, though only at the rotc of about 5§ eu. ft. per
hour. Scversl leeks wero detectod snd the cpporetus was shut
dovn 2nd omptiod s0 thet tho ontiro mass of metoricl oould be
rocetiveoted and the neocssery chenges in the cpparatus medo.

In the ssoond operstion, 98 pounds of Co-Ox M wes placod
in ths epparatus, Stoem et stmospherie preossuro wes uscd for
hoeting =nd tlio conveyor wcs driven by elootrio powor., Dry
glr wrs swept through the epporatus for 1.5 hours beforc the
rofrigsretor wes stertod tnd the compound introduccd., The
apprratue declivercd 12 cu. ft. of oxygen per hcur of purity of
88 per ccnt cfter 30 minutcs operotion, 92 por oent oftor 49
minutcs, cnd 93.5 cfter 1.5 hours. Thc prassuro drop over
ths potrssium hydroxids drying towor cmounted to cbout 0.5 in.
of wetor (the megnesium perchloretce drior hod not heon addod
at this time) so that the oxygenation chamber oporatod under
a very slight voouum., 4 slight furthcer pressurc 4rop occurod
over the oxygcnotion chembor itself, the pressurc just hclow
ths air filter being about 1 in, of weter less then etmosphsrio
proscuro., Thu prossuro at the discherge cnd of the oxyzcnation
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chember {where the oir entered) vericd from 0.5 to 1 in. depend-
ing on how much meatericl the conveyor wss discharging. The
pressure in thoe dsoxygenation chember wes meinteined ot obout

1l in. sbove etmogpherlie by reguleting tho velve on the oxrgen
diecherge line; this required no attention after oncc sdjusted.

Thu purity of the oxygen produccd is govornod by the difr-
crence in the prsssurcs in thc'two chembers. The rcsults in-
diceted thot the cress cuger device worked cven better then
plonned. It was ¢sloculcted thet if 100 ou, ft. per hr. of
oxygen werc being genercted the purity of the exygsn would
execed 99 per occnt, sinoe the quuatity of eir cerried into
the dcoxygenetlion chember ie constent end independent of the
other factors which werc afrecting the emount o oxygcn pro-
duced.

The temporeture of the meturiel lceving the dooxygenztion
chember was mecsurcd b ¢ thormometcr insortcd in the dischorge
pipc benceth ths cnd of the convcyor. The temporoturce of the
mctoriel voried from 65-75° dsponding on whorc the thermomoter
wcs pleocd in the oross segtion of tho pipe. The metoriel
thus eppearcd to be ndequetcly hected for docoxygenetion.

The temperc-ture of the muteriel leeving the oxyzeration
chember wes similerly nensured ¢nd found to be 35°. The cool-
irg thus a2ppoecred to be very inedcquzte. The cooling arrango-
ment wes modificd by elimincting the cooling wetor rné by
rcons of ¢ pump oirculcting the 50-50 wetor-elochol brine
throuzh both perts of the Jjeckot, thoet 1s over the copper ro-
frigereting colls, throcugh th: lower pert of the Jecket and
brek. This lowored the osutlet tumpercture to 30°C. The rete
of trensfor of solid mectoricl wes then dsoresecd by rcducing
tho conveyer specd from 10 to 5.5 r.p.m. This lowcred the
outlot tempercturc to 24°. Tho tecmpercturc of the brino wos
o5® indiozting = tcmpercture diffurenticl beotvwcen the discharged
metericl rnd the brine of nbout 30°. This ie sbout thrt of the
deoxygenstion ociarmber.

The cmount of hect sxtroeoted by the refrigorctor wes oole
culated from tho pressurcs on ezch side of thc compressor cnd
the chernoteristics of the cempressor. Tac performencc cooffice
icnt of thi rafrigerator was oclouleted to be 3.7, indleeting
thct it wos groatly ovurloedcd cnd not functioning cs officlent-
ly cs possibls. about 6040 B.T.U. per hour were belns extreot-
¢d, Thce cmount of haut which must be removed wes colculeted
t5 be zbout 21,000 B.7.U. per hour. It eppeered, taorcforc,
thet the rofrigorctor clone wos far from suffiocicnt to cffoot
thc noocessury oooling. Since tho wcter ceooling did not -ppear
to contributce much, it cppecercd best to not use it nt o1l cnd
t> use r lergcr mechanle-l rcfrigerrtion unit.




- 65 -

A 5 H: P. refrigeretion unit wes obtained and the expanaion
of the refrigerant:from this unit carried out in 400 ft. of
05 in. copper tubing arranged in 4 perellel linea of 100 ft,
each. Thoae oolle were immersed in a 50-50 water-alcohol brine
contained in a large insulated oil drumi The brine was cirou-
leted from the oll Arum through the jeokat of the oxygenation
chamber by meahs of a centrifioal pumps Tha 1 H.F, refrigere-
tion unit opereting the coila within the ixygenation chamber
wee elso operated. With all of this refrigeration the tempere-
ture of the brine was lowered to & -15°,; hut the materiel leav«
ing the oxygenation chember was cooled only to 24'._ The out=
put of the machina‘inbreased to 15 eu. ft. per hour., Obvioua=
ly, eveh with a 35% temperature differential the heat wes not
veing properly extracted from the material during oxygenation.

Some speculetions were mede as to the importande of ores
cooling the entaring air, and &)though the emount of hemt oarr-
ied by air is small it wes thought worth trying. A finned, air
cooled refrigeration condenser approximately 4 ft. by 2.5 ft.
in oross seotion and 1 in. thiok was obtained and the oioces in
it conneoted to e 0.75 h.p. refrigeration unit. A oly wood
box wae built about this finned condenaer in such & manner
thet the eir pasaed huck and forth through the condenser. .The

air leeving this cooling unit was ocooled to a ~15°, This pre=-
cooling increased the oxveen output of the amnaratus about
5 ou., ft. per hour.

The inability to transfer heet from the material during
the oxygenation promotcd e numher of measurements on the rete
of heat tranafer of the materisl. As a reault of these studies
it appeared that there was auffioient surface in the oxyesenation
chambaer to effect ell of the naceasery heat transfer at the
tomperature differential ohtained. 9Since such trensfer howaver
wae not ectually heing accomeliehed, it wes assumed that the
mixing wae inadoounte during tho conveyanoe of the materiel
through the ohamber. The ecrew conveyors of both the oxyrona=
tion and deoxyeenation chambar were then modificd and their
apeed of rotation increased from 5 to 60 r.p.m. Th2 bhrushes
which hed been placed along the edges of the flirhts of tho
screw conveyor wore romoved and hinged, boveled maple strips
such es arc found on the dashere of ice cream frecgars wore
placed botween the flights in dismetrically opooscd ooeitions.
A sufficient numher of beck paddles wnre nlacod on tho fligshts
of the conveyors with the object of decreasing the cffocotive-
ness of the conveyors end thus maintain epproximately the same
flow of matorial through tha chamters as tested with flour.
Pronge were elso addad at various points to the conveyor to
give a mixing and churning e¢ffeot to the materlal, ™rith .
these modificationa the hcet tranafer in the deoxvronation
chambor wes greatly improved, tho matcriel being raised from
20° et the inlet end to 101° at the outlat ond, e toemmarotura
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within 4° of thst of the steam in ths jscket of ths dsoxygens-
tion chamber., On ths othsr hsnd not much improvemsnt was found
in the oxygenation chambsr, the materiel Lsing cooled from
101° st the inlet snd to 20° et ths outlst end. Ths produc-
tion of oxygsn wse sbout 25 cu, ft. per hour end wes sxtremely
eteady. The oxygen output hsd prsviously been rether errotic
tending to vary considerably, probsbly due to sn uneven dis=-
tribution of the materisl in the ecrew convasyors. The botter
mixing and mors repid rotstion of the conveyors resulted  in

a mors uniform flow of matorisl., Tho fellure to cool the
materiel eufficisntly in the ‘oxygenntion chamber wae then
ettrivutsd to a possibls insulsting effooct of a wsll film of the
air which passes through the oxygenation chembor but is absent
in the dsoxygonetion chamber: To teet thie sffect, sn etmos-
pherc of oxygen supplisd from s cylinder wss placed in ths
oxygenstion churtber and s very elight flow of oxygen maintsined
through thc chanber during the operation of the sppsratua.

Thia incereascd tho output of oxygen to about 30 cu, ft. per
hour., The temperature of ths materiel lecving the oxygenstion
chamber rose to about 25°, It appoered thsroforc thot oxygona-
tion wss toklng pleco to a greater cxtent and tkhot the corrce-
pondingly greet amount of heat repidly rsised tho temperature
of tho materiel; tho lnsuleting e¢ffoct of the moving eir film
was negligible.

The remaining oxplan:tirro for thie eurprieing difference
in heat tronefer is that thc materiol whcon hot oots moro o8 a
fluid and flowe cnd churns cor: easily tiirn the metcriel which
is c0ld and 1nclinod to mat and form masecs which arc not sssily
deformed, The deoxygenated material doce flow liko Portland
cem=nt while tho blauck oxygenctod matorial docs not behave in
thie msnnor but tende to puck and move more like wot eend,

In theeo exporimonte no neasure ves octually neda of the
rot. et which Co-Ox K was being tronsferr:d through the oppers-
tus, Such moccurcacnte wero nade on whoet flour nnd tho rate
of rotction of the screw convayors cnd the number of beck podels
placed on them were determined by such experimcnte. Thile wes
done in thc intorest of conecrving thc much more expensive Cow
Ox M cnd of evolding the necessity of having Lo recctivetoe it
following ite expoeurc to cir. Tho zbovec Leat trenefcr oxXpere
iments, howovor, showoed thit Co-0x i ¢nd flour crc not similcr
metoricls cnd it wos possible therefore thet the Co-0x 1 was
not being trcnsferred ot the scme rotc &3 the flour. This
guepicion wce further supportsd by the feet thet the metoriel
wes not cooled on posscge through the oxygenction chimber.
~pproximctely 50 per cent of the hect which must be removed
during the oxygenction is dcrived from the haat of reactive-
tion of the moterisl cnd this ie knoun to tcko plecee in = period
¢f ~beut 8 minutos. It cppesred thct the metoricl wos being
poved feator thun was originclly intcnded, In ordsr te deter-
mine tho rcte of movement of the meteriel one of tho cross
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conveyors wns rcmeved cnd o tered contciner planeced such thrt
it occllected the Co-0x M cconveyced through the cheombors s

the mcchine wee opercteds Approximetcely 10 pounds of metericl
viere moved through thoe epperctus per minutc cnd esince cpprox-
imctoly 100 1bs. of matericl wercocntzinsd in the apperctus,
the oirculztien through tho spparctus requircd only 10 minutes
instcud of the 15 minutes which hcd been originclly intended.

The modificntion of the spperctus is being continued cs
the axperimcntal results cnd recson dictete, g

Furthcr detcils concerning this cpperctus will be found
in Report XXXIV.
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APPENDIX I.

SUMMARY OF REPORTS ON OXYGEN PROBLEM

Report to By Pariod Covered
NDRC No._ by Report

Chao and Diehl
Cobelt, iron snd mengensae derivetivas of di-
aszlioylalethylenediimina; diasslicylalbenzidine

cobult; tcst for oxygehation capacity; lumin-
vscenca test,

Chao =nd Dishl
Cobalt, iron, copper, and chromium -derivativea
of Giezlicylelcthylencdiimine; cobalt, iron,
and mingancse derivatives of diealicylalphenyl-
oncdiinine; cobalt, iron and manganeso derive-
tives of diealicylulbenzidine.

Cheo and Diohl
Tin derivetives of diealicylalathylencdiimine
and diasslicylelphcnylcnodiimine; lced diselicy-
lulcthylenediimine; c¢ffecet of nitrogen on di-
salioylelethylcnediimine cobalty salicylalemide.
cobult.

Chzo and Dichl
iteduction of nitroelkanes; purification of scle-
icyl:ldchyde; Schiff’s brneaos of azlicyluldzhyde
und various ulkylenipnas; cobalt derivative- of
thc latter; nreperution of disulieylulethylenc-
dliinc cobzlt of high cupecity,

Chao wnéd Dichl
Continustion of work on derivatives of monsaincs
with esnliceylelécaycec and emmonio; mothylaming,
othylonine, a-propylonine, 1so-prony1um1nc, n-
butyl.minc, n-amylamin., snilinc.

Huck «hd Diehl 10=1-40
to
28=15-41

Constitution of dlscliecylulcthyluncdiimine cobelt;
.n.lysis (nd molécwl.r weight of disclicylulethy-
lencdiimine cobult; thoe offucet of light on tho
matericl; the fouct of pressurc on oxygonction;
uppgratua for praducinq oxyg:.n; prepanr.tion; di-
(3-nitroc:.licylil)cthyloncdiimine cobzlt; di-(5-
nitros:licyl: l)bth:*-n Giimina cobclt; cobolt

10-20-38

11-20-38

12-20-38 :




Report llo. Report to By Period Covered Date of
NDRC No, by Report Report

deriv:tives of eclicylcldehyde wnd dlethylene-
tricmine, triethylenctetramine, tetrocthylene-
pentcmine, and hydroxyethylethylenedicmine;
mechanlem of the oxygenhation procese,

Hach znd Diohl 2=15«41

to
3=15=41

Bff.ct of light of verious wave lengths on
dieclicylclethylencéiimineg eobult; tempercture
of deoxygenation; study of syntheeis ~nd olive,
rud, und bloeck by-producte; othor methods of
prep-r.tion; presencc of wuter in the com=
pound; thc volencc of eobult in the compound;
tho rote of oxygcnetion.

Diehl, Hach and 3-15-41 8-27-41
Harrieon to
B-25-41
The rate of oxygenation of diealicylalethy-
enediimine cobalt at different te:neraturee
and preeeures; construction of apparatue;
continuoue, circulating eclid apparatus, batch
operation wvithout ctirring (statlonary bed)
with and without recirculation of gaeee, batch
proceee with stirring ueing paddle and ueing
rotating ¢drum; explosibility; deneity; fur-
ther notee on preparation of large batches;
the effect of moleture,

Diehl, Hach and 8-25-41 11-14-4]
Harrison to
11-10-41
Preparation of diealicylulethylenediimine
cobalt; the various methods; effeot of the
purity of the salicyladehyde, effect of excese
of eny one of the rcactante, effeot of tho ordor
and rate of addition of reagente, effect of ten-
peraturas, effect of alcohol coneentration, effect
of volumc of solvent, offect of air, effoct of
tine of etanding; effect of cooling; effect of
coriposition of waeh liquid; effeet of waehing;
offoct of mcnner of drying; recommended pro-
codures,

i Hach, Harrieon 11-10-41
and Dighl to
1-5.42
Further studics on prenuration of disalicylal-
othylenediimine cobelt; Harrison-Huch method;




Rsport No.

Report to By Period Covered Date of
HIRC, No, . by Report Report

direot mixing method; analysis of disalicylel-
othylenediinine cobalt; high temperaturs drying;
dirty brown compound; bright red ineotivo conm-
pound; sterecchemical considerntions; effaot of
washing with alcohol and benzeno; effset of oar-
bon monoxido, nitrio oxide, nitrogun dioxide;
the rocovery of sclicylaldehydc and ocobalt.

2 Henselnelor and 12-15-41
Diehl to

1-2-42

Zthylenedimnine, pyruvic ceid and oobelt,

3 Diohl 1-10-42
to
2-14-42

Monthly report.

4 Harrison and 1-5-42
Dichl to
1-15-42
Disalicylelpropyloncdiimine cobelt.

5 Hach ond Diehl 1-42 2-23-42
IZffact of nitrogon dioxide, nitrous oxida, and
sulfur dioxide off disallicylclothylenediinmine,
disalioylalethylenadiimine. cobalt, and the
bright red inerctive isomcr.

6 Liggett and 12-15-41 2-23-42

Dishl to
1-2¢-42
Proparction of disalicylalethylencdiinineg co-
balt by pyridine asthod; cobalt and iron deriv-
ativae of disnlicylalphonyloncdiinino; opera-
tion of disalicylalethylenediinino ecobalt in
solution in pyridinc «nd in chloroforn.

7 Head and Dichl 12-15-41
to
1-23-42
Tridentate cobalt compounds from oO-hydroxye-
banzelinino-o-phenol,




Report No. HReport to y ' : Period Covered Date of
MDRC No., s by Repeort Rupert

X1 8 2=14-42 3-14-42
to
3=14-42
Mdonthly report.

g Heneslneior cnd lu2-42
Diehl to
2al4=42
Cobelt derivativee of pyruvic ccid und ethylene-
diumine, propylenedianine, and g-phenylenediziine.

10 Heeh and Diehl 2-18-42 4-14-42
to
3=24=-42
I'itratien ef ealicyluldehyde; separation of 3-
and S-nitro ieomere; di-(3-nitroselicylel)=-
ethylenadiinmine cobclt; di-(5-nitrosulicylal)-
ethylenediimine cobalt,

11 Head und Diehl 4=0=42
te
4-9-42
Witretion ef salicyleldehyde: variatien in
nitrie acid ceuncentraticn.

12 Liggett and Diehl 1-17-42
to

3-25-.42
3=, 4=, 5-, and 6-riethylsulieylaldehydes,
their condeneation with ethylenedianine and
*¢obalt; di-(2-hydrexy-3-nethoxybenzel)ethyl-
enediimine cobelt; 2-hydrexy-l-naphtheldshyde
end ite cendensction vwith etavlenedienine und
cobalt; etudy of Relmer-Tienann rcmtion,.

13 Hereelmeier and 2=14=42 4-27=42
D}ghl ’ to
3=3-42
Disclicylalethylenediianine cobult by pyridine
methed; dieclicylulprcpylenedilnmine cobalt
by pyridine niiethod; e-hydroxyacetophencnae
with ethylenedicnine end cobalt; resucete-
phenecne; di=(2=hydrexy=-3-risthexybeanzul)-
ethylenediinine cobult,




Report No. Heport to By Poriod Covarod Data of
ugﬁc llo, & by Report Roport ~

XVIII 14 Hecd and Dishl 2-20-42 3-16-42
to
e J=dad2
Rasolution of propylenedicmine end
disalicylaol=-l-propylenediinine cobelt.

15 " Head and Diehl 1-31-42 4=li-42
to
2=1C=42
Disaliocylelethylenediimine iron.

16 Harrison &nd . leled2
] Dizhl to
D= Lipmd2
The nagnetic eueceptibility of disalicylal=-
ethylenadiimine cobalt and raslated conmpounds,

17 Hoed, Hach und 2-20-42
Diohl to
3=2=42

Cobult, ealicyleldohyde and docciicthylenc=
diwaine, nonamothylenedianine, hoxuncthylceno=
@iunine, trimethylenodiamine, iso=-propylumine,
and 2,3=butylonediciaine; preparction of disul-
icylalecthylencdiinino cobalt; density of
diealicylelethylenediiaine cobilt, cobaltini-
trite asthod of purifying cobclt,

18 Hurrison and 2=19=42
Dichl 0
2=20=42
* Cohult, lron und mungonceec dorivativee of
sthylenediuanine end 3-bromosalioylaldchydo.

19 Diehl 3=14-42 4=18-42
to
4=-15=-42
Monthly report.

20 Haorrison cné 2=24=42 7=20-42
& Dichl to

3-28-42
Prenparation of disulicylalethylenodiimine
cobalt under wnhydrous conditions; the grcon
and orange compounde and thelr conversion with
water to oxygen carricre.




Rcport to By Period Covered
HDRC, No by Report

21 Head end Diehl 3=22=42
to
3-26-42
2-Hydroxy-3-nethoxy-5-nitrobenzaldehyde and
iteagondeneation with ethylenedisnine and
ecbalt,

22 Diehl l2.1-41 4=-22-42
to
4=15=-42
Firet progreese report,

23 liggett and Diehl 3-28-42
to
G=13%-42
Di-(2-hydroxy-3-methoxvybenzal)ethylenediinine
cobalt; preparation by various methode; vol-’
unetric deteriiination of oxygen capacity, rate
of oxygenation,

24 Diehl 4-15-42
to
. S5=13=42
llonthly report.

25 Head and Diehl 3=17=42
to
. 5-15-42
liitration of salicylaldehyde; variation of
excese nitric acid end of amount of acetic
acid; recommended prccedure.

26 lHlach, Yerd and
Diehl
Rate of deterioration of diealieylalethyl-
enediinine cobalt and di-(2-hydroxy=3-
nmethoxybenzal)ethylenediinine cobalt with
rotating drua machine.
Hach
a7 Liggett end Diehl

Di-{2-hydroxy-3-nitrobenzeal)ethylensiiinine
cobalt nctivetion, rate of oxygenetion at
various temperaturese, pressures &nd hunicdities,
rute of hydration cnd oxygencticn.
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raport No. Report to By Pariod Covered Date of
& VDRC No, by Report Report _

XIXIX 28 Hanselmaiar and 4-1-42 P=15-42
Diahl to
5-15-42
Di-{2-hydroxy~-3-methoxyhanzal)ethylenediimina
cobalt; aynthesia of 2-hydroxy-5-phenylbenzale-
dahyda by tha Duff reactidn; aynthesis of 2-
hydroxy-3-nitro-5-mathylbanzaldehyde.

29 Diehl , S5=13-42 6=17=-42
to
6-15-42
Monthly report.

30 . Hach snd Diehl 5-20-42 7-27-42
: to
7-23-42

Circulating aolid apparatua,

3l Schwandt and 6-1=42
-Diahl to
¢ Ne25-42
Tatramethylathylonediamine with cohalt and
salicylaldehyde, with 2-hydroxy-3-methoxy-

benzaldehyde, and with 2-hydroxy=3-nitrohen-
zaldehyds.

32 Earrison and
Diehl
Diffarential manometrioc capacity 2nd rata
apparatua; aummary of applications,

33 Brouna and Diahl

Praparation of g-ethoxyphenol{ oraparation of
2-hyiroxy-3-athoxybenzaldahyda by tha Duf f raac-
ticn; di={2-hydroxy-3-ethoxybenzaljathylane-
diimine cobalt; oreparation, activation, rate of
oxygenation, hyiration and dehydration; demethyl-
ation of 2-hydroxy-3-methoxybenzaldehyde; ethyla~-
tion of 2,3-dihydroxyhenzaldehyde; prepasration

of o-n-propoxyphenol; preparation of 2-hydroxy-
3-p-propoxybenzaldehyda; di-(2-hylroxy-3-n-oropoxy-
berzal)athylenediimina cobalt: prereration, reta
of oxyrenation, hydration; preparation of o-isp-
propoxyphanol; preceration of 2-hwroxv-3-Iso-
oropoxvhenzaldehyda,




Tepert No. By iy Period Covered Date of
. by Repert Report

ToVIII ] Liggett, Head, 5-13-42 7-24-42
Diehl, Calvin to
and Co-workere T=24=42

Di-(2-hydroxy-3-methoxybanzul)ethylenediimine
cobalt: mdditioncl studies cn netheds of prepiri-
tion, large ecale prepuration, activation appara-
tue, hygrescoplelity and effect on capucity,
analysie, nmagnetic eueceptibility (Culvin), rate
of oxygenation, rete of detericration in uee,
equilibrium pressure (Calvin).

35 Diehl 6-15-42
to
7=-23-42
Monthly report.

36 Diehl 7-24=-423
_ to
B-15-42
Monthly repert.

37 Head and Diehl 4-24=42
to
) 5=20-42
2-H3droxy-S-bronobenzaldehyde uith ethylene-
dienine end cobalt,

38 Harriecn and 7-22«42
Diehl to
B=0l=42
2,S-Dihydrexybanzuldehyda with ethylenedianine
and ccebalt.

39 Mathews and
Diehl

Lecetylacetone, benzoylacetone, and dibenzoyl-
ethane with ethylenedianine and ccbalt,.

40 Mathewe and Bml-42
Diehl Lo
G=1=-42
Allylanine polynuclear canpeunda.
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v, 5 HDRC lo, by Report{ Report

v 41 Liggett and 7=11-42 9-15-42
Diehl to
B=24~42

2~Hydroxy-3-n1tro-5-methy1benza1dehydo with
ethylenedianine and cobalt;formylcamphor with
cobalt and ethylenediamine and with g phenyle
enediamine; methylenedianine mith icylal-
deliyde and cobalt.,

42 Diehl 4-15-~42
to
Yelud?

Second progrcee report.

43 Head and Diehl

2,4~Dihydroxybenzaldehyde, 2~hydroxy~4-nethoxy-
benzaldehyde,2,5-dihydroxybenzaldehyde, 2-
hydroxy-5-nethoxybenzeldehyde, and 2-hydroxy=
S=gthoxybenzaldehyde: their condeneation with
ethylenediamine and the cobalt derivatives,

44 Harrieon and Diehl

3=illkoxy compounde..

45 Diehl 8«15«42
: to
9=15-42
Honthly report.
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